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(54) BENZOTHIEPIN DERIVATIVES. PROCESS FOR THE PREPARATION OF THE SAME AND 
USES THEREOF 

(57) The invention provides cpmpouhds of the formula: 




(I) 



eg 
m 

CO 



wherein the ring A is an optionally sutistituted benzene lihg; is an optionally substituted non-aromatic heterocyclic 
group; and R'' are independently hydrogen atom or an optionally substituted hydrocarbon group; n is an integer of 
0 - 3; or salts thereof, which are useful as medicines haying an osteogenesis promoting effect and chondrogensis pro- 
moting effect 

The present invention relates to an amine compound having an excellent effect , of inhibiting production and/or 
secretion of amyloid-b protein, a production and use thereof. Especially, it is effective for preventing and/or treating, for 
example, neurodegenerative diseases, amyloid angiopathy, nisurologicai disorders caused by cerebrovascular disor- 
ders, and so forth. 
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Description 

Technical Field 

[0001] The present invention relates to benzothiepine derivatives having an osteogenesis promoting effect and a 
chondrogenesis promoting effect, to a process for producing the same, and to a pharmaceutical composition compris- 
ing the same as effective component. 

Baclcground Art 



[0002] Bone diseases are pathological states or disorders in which a certain symptom or risk occurs due to a 
decrease in bone quantity that has reached a certain iebel. For example, a major symptom of osteoporosis, one of the 
bone diseases, is kyphosis, and a fracture in dorsolumbar bone and petrosa, neck of the thigh bone, inferior extremity 
of radius, costa. superior extremity of humerus, and the like. In osseous tissue, osteogenesis and destruction by bone 
15 resorption are repeated, while remaining balanced, and osteoblasts in osteogenesis and osteoclasts in bone resorption 
play a central role in that. 

[uuuoj uyoa ui uie uaioiiuo ueiweoii uaicutjci loaia caiiu ucauuuuuii uy uuiic icauipuuii lo auuuiii|jai iiou uy a 

decrease in quantity of the bone. Conventionally, as prophylactic or therapeutic agents, bone resorption-suppressing 
substances such as estrogens, calcitonins, bisphosfphonates. and the like have, primarily been used. When these bone 
20 resorption-suppressing agents are given, however, in some cases, a subject to be administered is limited, or the effect 
is uncertain, and no sufficient effect is attained. 

[0004] So far it has been reported that benzothiepine derivatives have an osteogenesis promoting effect (Japanese 
Unexamined Patent Publication No. (hereinafter referred to as JP-A) 3-232880/1991; JP-A 4-364179/1992; JP-A 8- 
231569/1996). 

25 [0005] It is desirable to develop more effective prophylactic or therapeutic agents for bone diseases and chondrop- 
athy which have an oisteogenesis promoting effect and a chondrogenesis promoting effect and which have excellent 
stability, absorption and bioavailability as oral preparations. 



Disclosure of Invention 

[0006] The present Inventors synthesized a variety of benzothiepine derivatives and worked diligently to investigate 
the biological activity and pharmacological behavior of these derivatives. As a result, they discovered that compounds 
having a group of the formula: 

-C0N-/~^(CH2)„-R' 



[wherein R'' is an optionajly substituted noh-aromatic heterocyclic group; is a hydrogen atpni or hydrocarbon group 
which- may have a substltuent] at the 2 position of benzothiepinis structure exhibit an excellent osteogenesis promoting 
effect and a chondrogenesis promoting effect and are superior in oral absorption. The present inventors further inves- 
45 tigated based on these findlnigs and succeeded in establishing the present invention. 
[0007] The present invention relates to: 

(1 ) a compound (I) of the formula: 




(I) 



2 
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wherein the ring A is an optionally substituted benzene ring; is an optionally substituted non-aromatic heterocy- 
clic group; and R^ are independently hydrogen atom or an optionally substituted hydrocarbon group; n is an Inte- 
ger of 0 - 3; or a salt thereof, 

(2) a compound as described in the abpve item (1), wherein the ring A is a benzene ring which may be substituted 
by 1 or 2 substituents selected from the group consisting of halogen atom, hydroxy, C-i.-io alkyl. C^.-to all^oxy, 
alkylenedioxy of the formula: -0-(CH2)m-0-(wherein m is an integer of 1-4) and Ci.io alkylthio; and R^ and R^ are 
independently hydrogen atom, C^^q alkyi or phenyl, 

(3) a compound as described in the above item (1), wherein the ring A is a group of the formula: 




wherein R^ and R" are independently hydrogen atom or C-^.to alkyi or R^ and R^ may be bound to each other to 
. form a alkylene chain; arid R^ and R^ are independently hydrogen atom or Ci.6 alkyl. . 

(4) a compound as described in the above item (1) or (3), wherein the non-aromatic heterocyclic group of the 
. 20 optionally substituted non-arornatic heterocyclic group represented by R'' is a 5- to 6-membered non-aromatic het- 
erocyclic group containing from 1 to 4 heteroatoms selected from the group consisting of nitrogen atom, sulfur atom 
and oxygen atom. 

(5) a compound as described in the above iteifn (4), wtierein the 5- to 6-membered non-aromatic heterocyclic group 
is one containing at least 1 nitrogen atom, 

25 (6) a compound as described in the above item (5), wherein the heterocycle of the 5- to 6-membered nonraroniatic 
heterocyclic group Is pyrrolidine, imidazolidine, thiazolidine, isothiazolidine, oxazolidine, oxadiazolidine, piperidine, 
piperazine, thiomorpholihe or morpholine, 

(7) a compound as described in the above item (1), wherein the substituent or substituents in the optionally substi- 
tuted non-aromatic heterocyclic group represented by R'^ are 1 - 3 of hialogen atorn, hydroxy or oxo. Ci.io B\ky\, C^. 

30 6 alkoxy, C^^.q acyl, amino, mono- or di-C^e alkylamino, C-|.6 alkylsuifonyl, carboxy or C-|.6 alkoxy-carbonyl, 

(8) a compound as described in the above item (3). wherein R^ is a hydrogen atom; R^ is C1.3 alkyI; and R^ and R^ 
may be bound to each other to form a C1.2 alkylene chain, 

(9) a compound as described in the above item (3), wherein R^ and R^ are independently a hydrogen atom, and 
R^ and R^ are independently a C1.3 ajkyl group, 

35 (10) N-[4-(4-mbrphollnyImethyl)phenyl]-1,2,4,5-tetrahydr6-7,8-^methylenedioxY-4-methyl-5-oxo-3-ben 
2-carbQxamide, 



N-[4-(2.4-dibxothiazolidin-i5-ylmethyl)phenyl]-1,2,4,5-tetrahydro-7,8-methylenedioxy-4-methyl-5-oxo-3 
thiepine-2-carboxamide, or 
40 . N-[4-(2,4-dioxo-oxazolidin-5-ylmethyl)phenyl]-1,2.4,5-tetrahydroT7,8-methylenedioxy-4^^ 
th'iepine-2-carboxamide, or a salt thereof, 

(11) an optically active conripound of the Ibrrriula: 

45 . ■ *. . 



so 




55 wherein the ring A is an optionally substituted benzene ring; R^ is an optionally substituted non-aromatic heterocy- 
clic group; R^ is a hydrogen atom or an optionally substituted hydrocarbon group; R^'' is an optionally substituted 
hydrocarbon group; and n is an integer of 0 - 3; or a salt thereof, 
(12) a process for producing a compound (I) of. the formula 



3 




: wherein the ring A is an optionally substituted benzene ring; is an optionally substituted nonraromatic hetero- 
cyclic group; and are independently a hydrogen atom or an optionally substituted hydrocarbon group; and n 
is an integer of 0 - 3; or a salt thereof, which comprises reacting a compound (II) of the formula: . 



IS 



20 




wherein each symbol has the same meanings as mentioned above; or a reactive derivative at the carboxy group 
thereof or a salt thereof, with a compound (III) of the formula: 

25 

HA-^~^(CHi)n-R» (HI) 

30 

wherein each symbol has the same meanings as mentioned above; or. a reactive derivative at the amino group 

thereof or a salt thereof, 

(13) a compound (111') of the formula: 

35 




40 

wherein R''*^ is pyrrolidinyl, dioxppyrrolidinyl, piperidlnyl, mono- or di-oxopiperidinyl. morpholinyl, thiomorpholinyl, 
thiazolidinyl, dioxothiazolidinyl, dioxoimidazolidinyl, 1-methyldioxoimidazolidinyl. dibxooxazolidinyl, dioxotetrahydr- 
oisothiazolidinyl, momo- or di-dxooxazolidinyl, or dioxooxadiazolidinyl; or a salt thereof^ 
(14) a prodrug or a salt thereof of the compound as described in the above item (1), 
45 (1 5) a pharmaceutical composition which comprises a compound (I) of the formula: 



so 




55 

wherein the ring A is an optionally substituted benzene ring; R** Is an optionally substituted non-aromatic heterocy- 
clic group; R^ and R^ are independently hydrogen atom or an optionally substitutjsd hydrocarbon group; and n is 
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an integer of 0 - 3; or a salt thereof, 

(16) a pharmaceutical composition according to the above item (15), which is an osteogenesis promoting agent, 

(17) a pharmaceutical composition according to the above Item (15), which is a prophylactic or therapeutic agent 
for bone diseases, 

5 (18) a pharmaceutical composition according to the above item (15), which is a prophylactic or therapeutic agent 

for fracture, and 

(19) a pharmaceutical composition according to the above item (15), which Js a prophylactic or therapeutic agent 
for chondropathy. 

10 [0008] In the above-mentioned formulae, as for the substituent on the optionally substituted benzene ring repre- 
sented by the ring A, for example, halogen atom, hydroxy, nitro, optionally substituted alkyi group, optionally substituted 
hydroxy group, optionally substituted mercapto group, optionally substituted amino group, acyl group, mono- or dl-alkox- 
yphosphoryt group, phosphono, optionally substituted aryl group, optionally substituted aralkyi group, or optionally sub- 
stituted aromatic heterocyclic group may be used, and these rnay be the same or different, of which 1 to 4, preferably 1 

is or 2, may be substituted on the benzenei ring. 

[0009] The "halogen atom" includes, for example, fluorine, chlorine, bromine and iodine. 

[OOiO] The alky! group of the "optionally substituted alkyI group" includes, preferably, alkyI of 1 - 10 carbon atoms, 
e.g., methyl, ethyl, propyl, isopropyl. butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl^ hexyl, heptyl, octyl, 
nonyl. dodecyl, and the like, and cycloalkyi of 3 - 7 carbon atoms, e.g.. cyclopropyl, cyclobutyl, cyclohexyl or cyclohep- 
20 tyi, and the like, which may be substituted by 1 to 3 substituents such as, for example, halogen atom, e.g., fluorine, chlo- 
rine, bromine, iodine, etc., hydroxy, alkoxy group of 1 - 6 carbon atoms, e.g., nniethoxy, ethoxy, propoxy, butoxy, hexyloxy. 
etc., mono-ordi-(Ci_6 alkoxy)phosphoryl group, e.g., methoxyphosphoryl, ethoxyphosphoryl, dimethoxyphosphoryl, di- 
ethoxyphosphoryl, etc., phosphono. and the like. 

[0011] The substituted alkyi group is exemplified by tri-flupromethyl, trifluoroethyl, trichloromethyl, hydroxymethyl, 
.25 2-hydroxyethyl, methoxyethyl, 1-methoxyethyl, 2-methoxyethyl, 2.2-diethoxyethyl. 2-diethoxyphosphorylethyl, 
phosphono, phosphonomethyl, and the likOi 

[0012] The substituted hydroxy in the "optionally substituted hydroxy group" is exemplified by alkoxy group, alkeny- 
loxy group, aralkyloxy group, acyloxy group, aryloxy group, and the like. The "alkoxy group" Includes, preferably alkoxy 
group of 1 - 10 carbon atoms, e.g., methoxy, ethoxy, propoxy, butoxy, tert-butoxy, pentyloxy,. hexyloxy, heptyloxy, nony- 

30 loxy, and the like, and cyclbalkoxy group of 4 - 6 carbon atoms, e.g., cydobutoxy, cyplppentoxy, cyclohexyloxy, and the 
like. The "alkenyloxy group" includes, preferably, those of 2 - 10 carbon atoms, e.g., allyloxy, crotyloxy. 2-pentenyloxy, 
3-hexenyloxy, 2-cyclopentenylmethoxy, 2-cycl6hexenylnriethoxy. and the like. The "aralkyloxy group" includes, prefera- 
bly, those of 6 - 19 carbon atoms, more preferably, C6.14 aryl-C-j^ alkyloxy. e.g., benzyloxy, phenethyloxy, and the like. 
The "acyloxy group" includes, preferably, alkanoyloxy group, for example, those of 2 - 10 carbon atoms, e.g., acetyloxy, 

35 propionyioxy, n-butyryloxy, hexanoyloxy, and the like. The "aryloxy group" includes, preferably, those of 6 - 14 carbon 
atoms, e^g., phenoxy, biphenyloxy, and the like. These groups may further be substituted by 1 - 3 substituents such as, 
for example, the above-mentioned halogen atom, hydroxy, alkoxy group of 1 - 6 carbon atoms, mono- or di-(C-|.6 
alkoxy)phosphorYl group, and the like. The substituted hydroxy group Is exemplified by trifluoromethoxy, 2,2,2-trifluor- 
oethoxy, difluoromethoxy, 2-methoxyethoxy, 4-chlorobenzyloxy, 2-(3,4-dimethoxy-phenyI)ethoxy, and the like. 

40 [0013] The mercapto group in the "optionally subistituted mercapto group" is exemplified by alkylthio group, 
aralkylthio group, acylthio group, and the like. The "alkylthio group" includes, preferably, alkylthjo group of 1 - 10 carbon 
atoms, e.g.. methylthio, ethylthio. propyithio, butylthio, pentylthio, hexylthio. heptylthio, nonylthio. and the like, and 
cycloalkylthio group of 4 - 6 carbon atoms, e.g., cyclobutylthio. cydopentylthio, cyclohexylthio, and the like. The 
"aralkylthio group" includes, preferably, those oif 7 - 19 carbon atoms, more preferably, 05,14 ^^^'^^-4 alkylthio, e.g., 

45 benzylthio, phenethylthio, and the like. The "acylthio group" includes, preferably, alkanoylthio. for example, those of 2 - 
10 carbon atoms, e.g.. acetylthio. propionylthlo, n-butyrylthio, hexanoylthib. and the like. These groups may further be 
substituted by 1-3 substituents such as, for example, the above-mentioned halogen iatom, hydroxy, alkoxy group of 1 
- 6 carbon atoms, mono- or dl-(C-t^ alkoxy)phosphoryl group, and the like. The substituted thiol group is exemplified by 
trifluoromethylthio. 2,2,2-trifluoroethylthlo, 2-methoxyethylthlo, 4-chlorobenzylthio. 3,4-dichlorobenzylthio, 4-fluoroben- 

50 zylthio, 2-(3.4-dimethoxyphenyl)ethylthio. and the like. 

[0014] The substituent of the substituted amino group in the "optionally substituted amino grbiip" includes the 
above-mentioned alkyI group of 1 - 10 carbon atoms, alkenyl group of 2 - 1 0 carbon atoms,. e.g., allyl, vinyl, 2-penten- 
1-yl, 3-pehten-1-yl, 2-hexen-1-yi, 3-hexen-1-yl, 2-cycIohexenyl, 2-cyclopentenyl, 2-methyl-2-propen-1-yl, 3-methyl-2- 
buten-1-yl, and the like, aryl group of 6 - 14 carbon atoms, and aralkyi group of 7 - 19 carbon atoms, and these may be 

55 used alone or as two identical or different groups. These groups may be substituted by the above-mentioned halogen 
atom, alkoxy group of 1 - 6 carbon atoms, monor or di-(Ci.5 alkoxy)phosphoryl group, phosphono, and the like. The sub- 
stituted amino group Is exemplified by methylamino, dlmethylartiiho, ethylamino, di-ethylamino. dibutylamino, dial- 
lylamino, cyclohexytamino, phenylamino or N-methyl-N-phenylamIno, N-methyl-N-(4-chlorobehzyl)amino, N,N-di(2- 
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methoxyethyl)amino, and the like. 

[0015] As for the "acyl group", an organic carboxylic acyl group or sulfonic acyl group having a hydrocarbon group 
of 1 - 6 carbon atoms (e.g., methyl, ethyl, n-propyl, hexyl, phenyl, etc.) may be used. The "organic carboxylic acyl group" 
used includes, for example, formyl, alkyl-carbdnyl group of 1 - 10 carbon atoms, e.g., acetyl, proplonyl, butyryl, valeryl, 

5 prvaloyi, hexanoyi, octanoyi, cyclobutanecarbonyl, cyclohexanecarbonyl, cyclo-heptanecarbonyl, etc., alkenyl-carbonyl 
group of 2 - 10 carbon atoms, e.g., crotonyl. 2-cyclohexenecarbonyl. etc., aryl-carbonyl group of 6 - 14 carbon atoms, 
e.g., benzoyl, etc., aralkyl-carbonyl group of 7 - 19 carbon atoms, e.g., benzylcarbonyl, benzhydrylcarbonyl, etc., 5- or 
6-membered aromatic heterocyclic carbonyl group, e.g., hicotinoyi, 4-thiazolyl-carbonyl, etc., 5- or 6-membered aro- 
matic heterocyclic acetyl group, e.g., 3-pyridylacetyl, 4-thlazolylacetyl, etc. The "sulfonic acyl group having a hydrbcar- 

10^ bon group of 1 - 6 carbon atoms" used includes, for example, methanesulfonyl, ethanesulfonyl, and the like. These 
groups may be substitued by 1 - 3 substituents. for example, the above-mentioned halogen atom, hydroxy, alkoxy group 
of 1 - 6 carbon atoms, amino, and the like. The acyl group is exemplified by trifluoroacetyl, trichloroacetyl, 4-methoxy- 
butyryl, 3-cyclohexyloxypropionyl, 4-chlorobenzoyl, 3,4rdimethoxybenzoyl, and the like: 

[0016] The "mono- or dl-alkbxyphosphoryl group" used includes^ for example. mono-C^.e alkoxyphosphoryl group 
IS such as rnethoxyphosphoryl, ethoxyphosphoryl, propoxyphosphoryl, isopropoxyphosphoryl, butoxyphosphoryl, penty- 
Ipxyphosishoryl, hexyloxyphosphoryl, and the like, and di-Cf.6 alkoxyphosphoryl group such as dimethoxyphosphoryl, 
dieihoxyphosphoryl, di-propoxyphosphoryi, dllsopropoxyphosphoryi, dibutoxy-phosphoryl, dlpentyloxyphosphGryi, 
dihexyloxyphosphoryl, and the like. Preferably, di-C^e alkoxyphosphoryl group, for example, dimethoxyphosphoryl. 
diethoxyphpsphoryl. dipropoxyphosphoryl, diisopropoxyphosphoryl, ethylenedioxy-phosphoryl, dibutoxyphosphoryl, 
20 and the like may be used. 

[0017] The aryl group in the "optionally substituted aryl grpup" used includes, preferably, those of 6 - 14 carbon 
atoms, for example, phenyl, naphthyl. anthryl and the like. These groups may be substituted by 1 - 3 substituents such 
as aikyi group of 1 - 10 carbon atoms, halogen atom, hydroxy, alkoxy group of 1 - 6 carbon atoms, and the like. The 
substituted aryl group is exemplified by 4-chlorophenyl, 3,4-dimethoxyphenyl, 4-cyclohexylphenyl, 5,6.7,8-tetrahydro-2- 
25 naphthyl, and the like. • 

[0018} . The aralkyi group in the "optionally substituted aralkyi group" used includes, preferably, those of 7 - 19 car- 
bon atoms, for example, benzyl, naphthyl ethyl, trityl, and the like, and these groups may be substituted on the aromatic 
ring by 1 - 3 substituents such as alkyi group of 1 - 10 carbon atoms, halogen atom, hydroxy, ajkoxy group of 1 - 6 car- 
bon atoms, and the like. The substituted aralkyi group is exemplified by 4-chlorobenzyl, 3,4-dimethoxyben2yl, 4- 

30 cyclohexylbenzyl, 5,6,7.8 -tetrahydro-2-naphthylethyl, and the like, 

[0019] The aromatic heterocyclic grbup in the "optionally substituted aromatic heterocyclic group" used Includes, 
preferably, 5- or 6-membered ones having 1 to 4 of nitrogen atom, oxygen atom and/or sulfur atom, for example, furyl, 
thienyl, imidazolyl, thiazolyl, oxazolyl, thidiazoiyi, and the like. These groups may be substituted by 1 - 3 substituents 
such as alkyI group of 1 - 10 carbon atoms, halogen atom, hydroxy, alkoxy group of 1 - 6 carbon atoms, and the like. 

35 [0020] When two alkyI groups are placed adjacent to each other on the benzene ring A, they may be bound to each 
other to form an alkylene group of the formuja: - (CH2)l- [wherein L is an integer of 3 - 5](e.g., trimethylene, tetrameth- 
ylene, pentamethylene, etc.), and when two alkoxy groups are placed adjacent to each other, they may form an alkylen- 
edioxy group of the formula: -0-(CH2)m-0-[wherein m Is an integer of 1 - 4](e.g., methylenedioxy, ethylenedloxy, 
trimethylenedioxy, etc^. In such a case, a 5- to 8-membered ring is formed together with the carbon atoms on the ben- 

40 zene ring. 

[0021] The preferred substituent on the ring A includes, for example, halogen atom, C-j.-io alkyI group, C-i.^o alkoxy 
group, alkyienedioxy group of the formula: -0-(CH2)m-0-[wherein m is an integer of 1 - 4], C-j.^ o alkylthio group, and the 
like, wherein the number of the substituent Is preferably 1 or 2. 

[0022] In the above-mentioned formulae, the non-aromatic heterocycle in the optionally substituted non-aromatic 
45 heterocyclic group represented by includes 3- to 8-membered ones containing i to 4 heteroatoms selected from the 
group consisting of nitrogen atom, sulfur atom and oxygen atom. Such a heterocycle is exemplified by oxirane, azeti- 
dine, oxetane, thletahe, pyrrolidine, tetrahydrofuran, thiolane, jDiperidlne, tetrahydropyran, morphollne, thiomorpholine. 
piperazine, homoplperidine. pyrroline, imidazolidlne, thiazoline, iso-thlazoline, thiazolldlne. isothiazolidine, Imidazoline, 
oxazollne, oxazolidine, oxadiazolidine, oxathiazolidine, dithiazolidine, thiadlazolidine, and the like. In particular, the 4- to 
50 7-membered non-aromatic heterocycle is preferred, and especially. 5- or 6-membered one is preferred. 

[0023] In the above-mentioned formulae, the substituent on the optionally substituted non-aromatic heterocyclic 
group includes, for example, (i) halogen atom (e.g., fluorine, chlorine, bromine, iodine, etc.). (ii) hydroxy or oxo, (ill) 
alkoxy group of 1 - 6 carbon atoms (e.g.. methoxy. ethoxy, propoxy, butoxy, tert-butoxy, pentyloxy. hexyloxy, etc.), (iv) 
amino group optionally substituted by alkyI group of 1 - 6 carbon atoms (e.g., methyl, ethyl, propyl, isopropyl. butyl, iso- 
55 butyl, sec-butyl, tert-butyl, pentyl, isopentyl. neopentyt, hexyl, etc.)(e.g., amino, methylamino, ethylamino. dimethyl- 
anriino, diethylaniino. dipropylaminp, etc.), (v) amino group substituted by an. acyl group (e.g., alkanoyi group of 1 - 10 
carbon atoms, etc.)(e.g., acetylamino. propionylamino, benzyoylamino, etc.), (vi) carbamoyl group optionally substituted 
by an alkyI group or groups of 1 - 6 carbon atoms (e.g., carbamoyl, methylcarbamoyl. dimethylcarbampyl, diethylcar- 
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banioyl. etc.). (vii) alkoxy-carbonyl group of 1 - 6 carbon atoms (e.g., methoxycarbonyl. ethoxycarbonyl, propoxycarbo- 
nyl, etc.), and the like. The number of the substituent is preferably 1 to 4. 

[0024] The substituent includes, preferably, halogen atom, hydroxy or oxo, Cil^o alkyi, Ci.6 alkoxy, Ci_6 acyl. amino, 
mono- or di-Ci.6 alkylamiho, mono- or di-C-i^e alkylsulfonyl, carboxy or C^^ alkoxy-carbonyl,. and the like, and the 

5 number of the substituent Is preferably 1 to 3. 

[0025] The optionally substituted non-aromatic heterocyclic group is exmplified by oxiranyl. azetidlnyl. oxetanyl, thi- 
etanyl, pyrrolidinyl, tetrahydrofuryl. thiolanyi, piperidyl, tetrahydropyranyl, morphplinyl, thiomorpholinyl, piperazinyl, 
homopiperidyl, 4-oxopiperidyl, pyrrolinyl, imidazolldlnyl, 4-formylpiperadinyl, 4-methanesulfonylpiperadinyl, 3-hydrox- 
ypyrrolidinyl, 2.4-dioxothia2olldin-5-yl, 2,4-dioxothlazolldin-3-yl. hydantoin-3-yl. 2,6-dibxoplperldlnyl, 1-methylhydantoin- 

10 3-yl, succinimido. 2-oxazolidon-3-yl. 2,4-dioxooxazoIidin-5-yI, 2.4-didxooxazoIidin-3-yl, 1,1-dloxotetrahydro-2H-1-isothi- 
a2ol-2-yl. 3,5-dioxo-1,2,4-oxadiazolidin-2-yl. and the like. These non-aromatic heterocyclic groups may be condensed 
with a benzene ring, a 6-membered ring containing 2 or less nitrogen atoms, or a 5-membered ring containing one sul- 
fur atom. The condensed non-aromatic heterocyclic group is exiemplified by chromanyl, isochrornanyl, Indolinyl, isoin- 
dollnyl, thiochromanyl, iso-thlochromanyl, and the like. 

15 . [0026] In the above-mentioned formulae, the preferred non-aromatic heterocycle of the optionally substituted non- 
. aromatic heterocyclic group includes 5- or 6-membered non-aromatic heterocycles. containing at least one nitrogen 
atom, 5- or 6-menribered non-aromatic heterocycles containing one nitrogen atom, and pne sulfur atom or oxygen atom, 
and the like. 

[0027] The preferred 5- or 6-membered non-aromatic heterocycles containing at least one nitrogen atom include, 
20 : for example, pyrrolidine, imidazolidine. thlazoljdine, isothiazolidine, oxazolidine, oxadiazolidlne, piperidine, piperazine, 
thio-morpholine, morpholine, and the like. 

[0028] The preferred 5- or 6-membered non-aromatic heterocycles containing one nitrogen atom and one sulfur 
atom or oxygen atom include, for example, thiazolidine, oxazolidine. thio-morpholine, morpholine, and the like. 
[0029] As the hydrocarbon group in "the optionally substituted hydrocarbon group" represented by R^. or R'^'' In 

25 the above-mentioned formulae or by R^** as mentioned below, the same group as mentioned above, that is, alkyl group 
(preferably, alkyl of 1 - 10 carbon atoms), alkenyl group (preferably, alkenyl of 2 - 10 carbon atoms), aryl group (prefer- 
ably, aryl of 6 r 14 carbon atoms), aralkyi group (preferably, aralkyi of 7 - 19 carbon atoms), and the like may be used. 
As the substituent on the hydrocarbon group, the abbve-mentioned halogen atorh, di-Ci.6.alkoxyphosphoryl group, 
phosphono, and the like may be used. 

30 [0030] As the hydrocarbon group in "the optionally substituted hydrocarbon group", for example, a straight or 
branched Ci.6 alkyl group such as methyl, ethyl, propyl, isopropyl, butyl, iso^butyi, sec-butyl, tert-butyl, pentyl, isopentyl. 
neopentyl. hexyl. and the like, is preferred- Particularly, a C^^ alkyl group is preferred. 

[0031] As the above-mentioned groups R^, R^, R^'' and R^\ an uhsubstituted hydrocarbon group is particularly 
preferred. The C-i.-io a'M group represented by R^ and R^ in the above-mentioned formulae includes, for example, 
35 straight or branched alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl. sec-butyl, tert-butyl. pentyl, iso- 
pentyl, neopentyl, hexyl, and the like. In particular, a C-i_6 alkyl group, especially, a C-)^ alkyl group, is preferred. 
[0032] The C-i^ alkylene chain formed by taking R^ and R^ together in the above-mentioned formulae, includes, for 
example, methylene, ethylene, trimethylene, tetramethylene, arid the like. In the above-mentioned formulae, n Is an inte- 
ger of 0 - 3, preferably, 1 or 2. 

40 [0033] In the iabove-mentioned formulae, R'''* indicates dioxo-pyrrolidinyl, mono- or di-oxopiperidinyl. thiomorpholi- 
nyl, thiazolidinyl, dioxothiazolidinyl, 1-methyldioxoimidazoIinyl. dibxooxazolidinyl, dioxotetrahydroisothiazolinyl, dioxoox- 
adiazolidihyl, and the like, and in particular, 2,5-dioxopyrrolidinyl, 4-oxopiperidinyl. 2,6-dioxopiperidinyl, thiomorpholinyl, 
thiazolidinyl. 2i4-dioxothiazolidinyl, 1-methyl-2.4-dibxoimidazolinyl, 2.4-dioxobxazolidinyl, i,1-dibxotetrahydro-2H-iso- 
thiazolinyl. and 2,4-dioxooxadiazolidinyl are preferred. 

45 [0034] The compounds of the invention represented by the formula (l)(hereinafter referred to as Compound (I)) 
include preferably optically active compounds of (2R, 4S)-configuration. represented by the formula: 



vCON-(v ✓)-(CH2)n-RV 



55 




wherein each symbol has the same meanings as mentioned above. Moreover, it is preferred that the compounds sub- 
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stantially contain no compounds of (2S. 4R)-configuratlon and their optical purity Is approximately 100%. 
[0035] Compounds (I) of the invention can be prepared by reacting compounds of the formula (II) (including their 
optically active isomers), reactive derivatives thereof at the carboxyl group or salts thereof, with compounds of the for- 
mula (III), reactive derivatives thereof at the amino group or salts thereof, as shown In the following reaction scheme. 



10 
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(I) 



35 



40 



[0036] The preferred reactive derivatives at the cairbojcyl group of compounds of the formula (I l)(including their opti- 
30 cally active isomers) Include, for example, acid halides (e.g., acid chlorides, etc.); acid azides; acid anhydrides [for 
example, mixed acid anhydrides with acids, e.g., substituted phosphoric acids such as dialkylphosphoric acids, phenyl- 
phosphorlc acid, diphenylphosphoric acid, dibenzylphosphoric acid, halogeno-phosphoric acids, etc.. dialkylphospho- 
rous acids, sulfurous acid, thiosulfuric acid, sulfuric acid, sulfonic acids such as methanesuifonic acid, etc., aliphatic 
carboxylic acids such as acetic acid, propionic acid, butyric acid, isobutyric acid, pivalic acid, pentanolc acid, isopenta- 
noic acid, trichloroacetic acid, etc., or aromatic carboxylic acids such as benzoic acid, etc.; symmetric acid anhydrides], 
active amides [e.g., activated amides with imidazole. 4-substituted imidazoles, dimethyl pyrazole, triazole, or tetrazole], 
active esters [e.g., activated esters such as cyanomethyl esters, methqxymethyl esters, dirhethyliminonriethyl esters, 
vinyl esters, propargyl esters, p-nitrophenyl esters, trichlorophenyl esters, pentachlprophenyl esters, mesylphenyl 
esters, phenylazophenyl esters, phenyl thioesters, p-nitrophenyl esters, p-cresyl thioesters, carboxymethyl thioesters, 
pyranyl esters, pyridyl esters, piperidinyt esters, 8-quinolyl thioesters, etc.]; esters [e.g., esters with N-hydroxy com* 
pounds such as N,N-dimethylhydroxyamine, 1-hydroxy-2-(1H)-pyridone, N-hydroxysuccinimide, N-hydroxyphthalimide, 
1-hydroxy-1 H-benzotriazole, etc.]. These reactive derivatives may optionally be selected in accordance with the species 
of the compounds of the formula (II) to be used. 

[0037] The preferred salts of the reactive derivatives of the compounds represented by the formula (II) include, for 
45 example, alkali metal salts, e.g., sodium salts, potassium salts, etc., alkaline earth metal salts, e.g., calcium salts, mag- 
nesium salts, etc., ammonium salts, for example, such base salts as organic base salts, e.g., trimethylamine salts, tri- 
ethylamlne salts, pyridine salts, picollne salts, dicyclohexylamine salts, N,N-dibenzylethylenediamine salts, etc. 
[0038] The preferred reactive derivatives at the amino group in the compounds of the formula (III) include, for exam- 
ple. Schiff base-type imino derivatives or their enamine-type tautomers produced by reaction of the compounds of the 
50 formula (111) with carbonyl compounds such as aldehydes, ketones, etc.; silyl derivatives produced by reaction of the 
compounds of the formula (III) with silyl compounds such as bis(trlmethylsilyi)acetamide, mono(trlmethylsilyl)aceta- 
mide, bis(trimethylsilyl)urea, etc.; derivatives produced by reaction of the compounds of the formula (III) with phospho- 
rus trichloride or phosgene; and the like.. 

[0039] The reaction of the invention as shown in the above-illustrated Reaction Scheme 1 may be carried out in an 
55 organic solvent giving no adverse effect to the reaction, for example, alcohoj (e.g., methanol, ethanol, n-propanol. iso- 
propanol, n-butanol, 3-pentanol. etc.), aromatic hydrocarbon (e.g., benzene, toluene, xylene, etc.), halogenohydrocar- 
bon (e.g., carbon tetrachloride. 1 ,2-dichloroethane, dichloromethane, chloroform, monochloromethane, ethylene 
chloride, etc.), saturated hydrocarbon (e.g., hexane, heptane, cyclohexane, etc.), ether (e.g., diethyl ether, tetrahydro- 
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furan, dioxane, dimethoxyethane, isopropyl ether, etc.), ketone (e.g.. acetone, methyl ethyl ketone, etc.). nitrile (e.g., 
acetonitrile, propionitrile, etc.). sulfoxide (e.g., dimethylsulfoxide, etc.), amide (N.N-dimethylformamlde. N,N-dlmethyla- 
cetamide, etc.), ester (e.g., methyl acetate, ethyl acetate, etc.), carboxytic acid (e.g., acetic acid, propionic acid), tertiary 
amine (e.g., pyridine, etc.), or the like, or in an aqueous mixture with any of these conventional solvents. 
5 [0040] Particularly, the reaction is preferably carried out in water or a conventional solvent, for example, an alcohol 
(e.g., methanol, ethanol, etc.), acetone, dioxane, acetonitrile, chloroform, dichloromethane, ethylene chloride, tetrahy- 
drofuran, ethyl acetate, N,N-dimethylformamide. pyridine, or the like. 

[0041] In the above reaction, when the compounds of the formula (II) are used in a form of free acids or salts 
thereof, it is appropriate to carry out the reaction so as to be accelerated in the presence of a conventional condensing 

10 agent, for example, N,N*-dicyclohexylcarbodiimide; N-cyclohexyl-N'-morpbolinoethylcarbodiimide; N-cyclohexyl-N'-(4- 
diethyIaminocyclo-hexyl)carbodiimide; N.N'-diethylcarbodilmide, N,N'-diiso-prbpylcarbodiimlde, . N-ethyl-N*-(3-dimethyl- 
aminopropyi)-carbbdiimide; N,N*-carbonylbis-(2-methylimidazole); penta-methyleneketene-N-cyclohexylimine; diphe- 
nylketene-N-cyclo-hexylimine; ethoxyacetylene; 1-alkoxy-1-chloroethylene; trialkyi phosphite; ethyl polyphosphate; 
isopropyl polyphosphate; phosphorus oxychloride; diphenylphbsphorylazide; thionyl chloride; oxalyl chloride; lower 

IS alkyi hajoformate, e.g.. ethyl chloroformate, isopropyl chloroformate, etc.; triphenylphosphine; 2-ethyl-7-hydroxyben- 
zisoxazotlum salt, 2-ethyl-5-(m-sulfophenyl)isoxa2olium hydroxide inner sailt; N-hydroxybenzotriazole; 1-(p-chloroben- 
zenesu!fcny!oxy)-6=ch!oro-1H-bsnzptriazo!e; so-called Vllsmeier's reagent prepared from N,N'-dlnriethyiformamide on 
reaction with thionyl chloride, phosgene, trichloromethyl chloroformate, phosphorus oxychloride, etc.; and the like. 
[0042] The reaction may also be carried out in the presence of an inorganic base or organic base, for example, 

20 alkali metal hydrogencarbonate (e.g., sodium hydrogencarbonate), tri(Ci^)alkylamine (e.g., trimethyiamine), pyridine. 
N-(Ci^)-alky]morpholine {e.g., N-methylmorpholihe), N,N-di(Ct^)-alkylbenzylamine (N,N-dimethylbenzylamine). and 
the like.' 

[0043] The reaction temperatui'e is not limited specifically, and the reaction may be carried out usuially under cool- 
ing or warming (about -10 to 120°C, preferably, about -5 to 50°C). The reaction time is usually abut 0.5 to about 100 
25 hours, preferably, about 1 to about 50 hours. 

[0044] When the compounds of the formula (III) have any other active substituent disturbing the reaction, such a 
substituent may preferably be protected prior to the reaction according to a conventional way and then deprotected after 
the reaction completion. 

[0045] Thus resulting compounds (I) or salts thereof can be isolated and purified by means of a well-known proce- 
30 dure for separation iand purification, such as condensation, evappration under reduced pressure, extraction. with a sol- 
vent, crystallization, recrystallizatiori, dissolution to another solvent, chromatography, and the like. 
[0046] The compounds of the formula (II) or reactive derivatives thereof at the carboxy group (used as the starting 
compounds in the method of the invention) can be prepared according to a per se known method, for example, the 
method as disclosed in JP-A 08-231 569/1 996 or its analogous methods. 
35 [0047] In the compounds of the formula (III), the compounds wherein n is 1 and the non-aromatic heterocyclic 
group represented by has a bond attached to the nitrogen atom, can be prepared according to the method as illus- 
trated in the following Reaction Scheme or its equivalent method, or alternatively according to the method as described 
in Reference Examples as mentioned below or its equivalent method. 

40 
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[0048] More specifically, the reaction of the 1 st step is carried out by reacting 4-nitropheny!alkyl halides with option- 
ally substituted non-aromatic heterocycles (represented by HR''''; R'^'' represents a non-aromatic heterocyclic group 
having a bond attached to the nitrogen atom) In the presence of a base In an appropriate solvent. As the 4-nitropheny- 

35 lalkyi halides. 4-nltrobenzyl chloride Is exemplified. 

[0049] The preferred base includes, for example, inorganic bases such as sodium hydride, potassium carbonate, 
etc., and organic bases such as tflethylamine, pyridine, 1,8-dia2abicyclo[5.4.0]undecen-7-ene (DBU), etc. 
[0050] The solvent Includes, for example, ketones (e.g., acetone, methyl ethyl ketone, etc.), nitriles (e.g., ace- 
tonitrile), ethers (e.g.. tetrahydrofuran), esters (e.g., ethyl acetate), amides (e:g., N.N-dlmethylformamide). and the like. 

40 The reaction temperature Is about 0 to 60**C. The reaction time Is about 0.5 to 50 hours. 

[0051] In the 2nd step, reduction is conducted. The reducing agent or method used in the reduction includes, for 
example, a combination of a metal (e.g., iron, zinc, zinc amalgam, etc.) or a salt of chromium compound (e.g., chromous 
chloride, chromous acetate, etc.) with an organic or inorganic, acid (e.g., acetic acid, propionic acid, hydrochloric acid, 
etc.); catalytic hydrogenation in the presence of a metal catalyst (e;g., palladium-carbon, Raney nickel, etc.); and the 

45 like; 

[0052] The solvent used in the reaction includes, for example, alcohols (e.g., methanol, ethanol), ethers (e.g., tetra- 
hydrofuran), esters (e.g., ethyl acetate), carboxyllc acids (e.g., acetic acid), and the like. The reaction temperature is 
about 0 to. 60'' C. The reaction time is approximately 0.5 to 50 hours. 

[0053] In the 3rd step, tiie group R^'' (R^'* is an optionally substituted hydrocarbon group) is introduced into the 
so amino group. The reaction may be carried out in the sarne nrianner as described in Bulletin de la Societe Chimique de 
France Partie 2, 1970, Issue 5. 1901-1907, or its equivalent method. 

[0054] . The compounds (lll)[including tiie compounds (III*)] can be used as tiie starting compounds in producing 
Compounds (I) of the Invention. 

[0055] As the salts of tiie starting compounds (II), (III) and the objective compounds (l)of the invention, pharmaceu- 
55 . tically acceptable salts are preferred. Including, for example, salts with inorganic bases, salts with organic bases, salts 
with inorganic acids, salts with orgariic acids, salts with basic or acidic amino acids, and the like. The preferred salts 
with inorganic bases are exemplified by alkali metal salts, e.g., sodium salts, potassium salts, etc.; alkaline earth metal 
salts, e.g.. calcium salts, magnesium salts, etc.; as well as aluminum salts, ammonium salts, and the like. The preferred 
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salts with organic bases are exemplified by salts of trimethylamine, triethylamine, pyridine, picoline. ethanolarnine, 
diethanolamine. triethanolamine, dicyclohexylamine, N.N'-dibenzylethylenediamlne, and the like. The preferred salts 
with inorganic acids are exemplified by those of hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid, phos- 
phoric acid, and the like. The preferred salts with organic acids are exemplified by those of formic acid, acetic acid, tri- 
5 fluoroacetic acid, fumaric acid, oxalic acid, tartaric acid, maleic acid, citric acid, succinic acid, malic acid, 
methanesulfbnic acid, benzensulfonic acid, p-toluenesulfohic acid, and the like. The preferred salts with. basic amino 
acids are exemplified by those of arginine, lysine, ornithine, and the like, and the salts with acidic amino acids are those 
of aspartic acid, glutaric acid, and the like. 

[0056] The prodrugs of Compounds (I) of the invention mean compounds convertible into Compounds (I) on action 
10 of enzymeis or gastric acid under a physiological condition in a living body, that is. compounds which are enzymatlcally 
oxidized, reduced or hydrplyzed to give Compounds (I), or compounds which are hydrolyzed with gastric acid or the like 
to give Compounds (1). The prodrugs of Compounds (1) of the invention include: when Compounds (I) have an amino 
group as substituent. then acylated, alkylated or phosphorylated compounds at the amino group; when Compounds (I), 
have a hydroxy group as substituent, then acylated, alkylated, phosphorylated or boracylated compounds at the 
15 hydroxy group; and when Compounds (I) have a carboxyl group as substituent, then esterified or amide-formed com- 
pounds. These compounds may be prepared from Compounds (i) in a per se known method. 

[0057] Alternatively, the prodrug of Compounds (1) may be those which can be converted Into Compounds (!) In a 
physiological condition as described in "Development of Drugs", vol.. 7, Molecular Design, pp. 163-198 (1990). 
Hirokawa Publishing Company. 

20 [0058] Compounds (I) of the invention and salts thereof have a potent osteogenesis promoting effect, chondrogen- 
esls promoting effect, cartilage destruction suppressing effect, and cartilage cell differentiation induction promoting 
effect, and in addition they are superior in clinically useful characteristics such as stability, absorption (particularly, oral 
insorptionj, bioavailability, and the like. In addition, their toxicity is low. Compounds (I) of the invention and salts thereof, 
accordingly, can be used in prevention and treatment of a variety of bone diseases, for example, osteoporosis, fracture, 

25 cartilage defect, chronic rheumatoid arthritis involving a cartilage, and osteoarthritis of a knee, involving cartilage in 
mamrhals (e.g., human, rat, mouse, dog, rabbit, cat, cattie, swine, etc.). 

[0059] Compounds (I) of the invention and salts thereof, since they exhibit a potent alkaline phosphatase-inducing 
activity, have an excellent osteogenesis promoting effect and chondrogenesis promoting effect, and are useful as pro- 
phylactic or therapeutic agents for metabolic bone diseases and metabolic cartilage diseases including osteoporosis. 

30 Moreoveir, the osteogenesis promoting agents and chondrogenesis promoting agents wjhich contain Connipounds (I) of 
the invention or salts thereof having such effects, can be used as prophylactic or therapeutic agents for bone diseases 
and cartilage diseases such as fracture, refracture. bone defect, osteomalacia. Behgefs syndrome in bone, rigid mye- 
litis, chronic rfieumatoid artiiritis, osteoarthritis (e.g.. osteoarthritis of the knee), osteoartiiritis involving cartilage, and 
the like in the orthopaedic region, as well as used as osseous tissue restoration agents after surgery for multiple mye- 

35 loma, lung cancer, breast cancer, and the like. Moreover, in a dental field, they are expected to apply to treatment of 
periodontal diseases, restoration of periodontal tissue defect in periodontal diseases, stabilization of artificial tooth root, 
residual ridge formation and repair of cleft palate. 

[0060] Compounds (I) of the invention and salts thereof, when used as prophylactic or therapeutic agents for oste- 
oporosis, fracture, cartilage defect, etc.. may be administered orally at a daily dose of about 5 mg to about 1000 mg, 
40 preferably aibout 10 mg to about 500 mg, as active ingredient [Compound (I) or salt thereof of the invention] for an adult 
(body weight 50 kg) in 1 to 3 divided doses while the dose vairles depending on the state or weight of a patient, the 
administration manner and the like. 

[0061] In parenteral administration, they may be administered at a daily dose of about 1 mg to about 3000 mg, pref- 
erably about 10 mg to 300 mg, as active ingredient [Compound (I) or salt tiiereof of the invention] for an adult (body 

45 weight 50 kg) in 1 to 3 divided doses. 

[0062] Compound (I) or salt thereof of the invention can be used in combination with other bone resorption promot- 
ing agents or osteogenesis promoting agents. The agents used in combination are exemplified by vitamins D3 (e.g.. 1a- 
hydroxyvitamin D3, 1d,25-dihydroxyvitamin D3, iflocalcitriol, secalciferol, etc.), calcitonins (e.g., eel calcitonin, salmon 
calcitonin, porcine calcitonin, avicatoh in, etc.), bisphosphonic acids (e.g.. etidronate, simadronate, alendronate, tiludr- 

50 onate. risedronae, clodronate, etc.). sex hormone related compounds (e.g.. tibolone. estradiol, bsaterone, raloxifene, 
droloxifene. ormeloxifene. tamoxifen e, mifepristone, etc.), ipriflavone, vitamins K2 (e.g.. menatetrenone), sodium fluo- 
ride, parathyroid hormones (PTH)(e.g., PTH (1-34). PTH (1-84). PTH (1-36). etc.), and ttie like. 
[0063] Compounds (I) or salts thereof of tiie invention may be combined with pharmaceutically acceptable carriers 
to form solid preparations such as tablets, capsules, granules, powder, and the like; or liquid preparations such as 

55 syrup, injection, and the like, and administered orally or parenterally. They may also be formed into percutaneously 
administrable preparations such as patch, poultice, ointment (including cream), plaster, tape, lotion, liquid preparation, 
suspension, emulsion, aerosol, and tiie like. 

[0064] As the pharmaceutically acceptable carriers, a variety of conventional organic or inorganic carrier materials 
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usually added to pharmaceutical preparations can be used, including excipients, lubricants, binders, disintegrators, 
etc., in solid preparations; solvents, dissolution aids, suspending agents, isotonization agents, buffering agents, sooth- 
ing agents, etc, in liquid preparations. If required, pharmaceutical additives such as preservatives, antioxidants, stabi- 
lizers, coloring agents, sweeteners, and the like may be added. The preferred excipients Include, for example, lactose, 
5 refined sugar, D-mannitol. starch, crystalline cellulose, light silicic anhydride, and the like. The preferred lubricants 
include, for exarnple, magnesium stearate, calcium stearate, talc, colloidal silica, and the like. The preferred binders 
Include, for example, crystalline cellulose, a-starch, refined sugar. D-mannitol, dextrin, hydroxypropyl cellulose, hydrox- 
ypropyl methyl cellulose, polyvinylpyrrolidone, and the like, the preferred disintegrators Include, for example, starch, 
carboxymethyl cellulose, carboxymethyl cellulose calcium, croscarmellos sodium, carboxymethyl starch sodium, low- 
to substituted hydroxypropyl cellulose, and the like. The preferred solvents include, for example, water for injection, alco- 
hol, propylene glycol, macrogol, sesame oil, corn oil, and the like. 

[0065] If required, the oral prepiaration may be coated In a per se conventional manner in order to mask its taste or 
give enteric coating preparations or sustained-release preparations. The coating agents include, for example, hydroxy- 
propyl methyl cellulose, ethyl cellulose, hydroxymethyl cellulose, hydroxypropyl cellulose, polyoxyethylene glycol, 

15 Tween 80. Pluronic F68. cellulose acetate phthalate, hydroxypropyl methyl cellulose phthalate. hydroxymethyl cellulose 
acetate succinate, Eudragit (methacrylic acid/acrylic acid copolymer; Rohm Pharma GmbH, Germany), and the like. 
[0055] The preferred dissolution aids include, for example, polyethylene glycol, propylene glycci, b-mannltol, ben- 
zyl benzoate, ethanol. trisamlnomethane, cholesterol, triethan-olamine, sodium carbonate, sodium citrate, and the like. 
The preferred suspending agents Include, for example, surface activators such as stearyl triethanolamine, sodium lau- 

20 ryl-sulfate, laurylamlnopropionic acid, lecithin, benzalkonium chloride, benzethonium chloride, glycerin monostearate, 
etc.; and hydrophilic high molecular materials such as polyvinyl alcohol, polyvinylpyrrolidone, carboxymethylcellulose 
sodium, methylcelluld^e, hydroxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, etc. The preferred 
isotonization agents include, for example, sodium chloride, glycerin, D-mannitol, and the like. The preferred buffering 
agents include, for example, buffer solutions containing phosphate, acetate, carbonate, citrate, and the like. The pre- 

25 ferred soothinjg agents include, for example, benzyl alcohol, etc. The preferred preservatives include, for example, 
paraoxybenzoic acid esters, chlorobutanol, benzyl alcohol, phenethyl alcohol, dehydroacetic acid, sorbic acid, and the 
like. The preferred anti-oxidants include, for example, sulfites, ascorbic acid, and the like.. 

[0067] In addition to the formulations prepared according to the above-mentioned conventional pharmaceutical 
technique, Compounds (I) or salts thereof of the invention may also be formulated into sustained-release preparations 

30 according to a technique for sustained-release formulation. A method for preparing sustained-release preparations, as 
described in JP-A 9-263545/1997, comprises dispersing Compound (i) into an aliphatic polyester such as lactic acld- 
glycolic acid copolymer according to the in-water drying method, phase separation method, spray drying method, and 
the like. The sustained-release preparations prepared by these methods can be applied locally as a suspension of 
microcapsules or microspheres. 

35 [0068] . Compounds (I) or salts thereof of the invention are preferably added to a pharmaceutical composition 
together with polyethylene glycol, as described In JP-A 10-338646/1998. 

[0069] Moreover, when administered directly into the cavltas articularis as a local niedicament, Compound (I) or 
salt thereof may be dispersed into a hyaluronic acid preparation for injection (for example. Kaken Pharm, Co., Ltd.; 
ARTZ injection) as a dispersing agent. Hyaluronic acid used in a dispersing medium may be used in a form of non-toxic 
40 salts, for example, alkali metial salts, e.g;, salts with sodium, potassium, etc., or alkaline earth metal salts, e.g., salts with 
magnesium, calcium, etc., and particularly, the sodium salt is preferably used. The average molecular weight of 
hyaluronic acid or its non-toxic salts to be used Is approximately 200,000-5,000.000, preferably, approximately 500,000- 
3.000.000, more preferably, approximately 700,000-2,500,000 (viscometrically). 

[0070] The final concentration of hyaluronic acid or its sodium salt in the dispersing medium is preferably fixed at 
45 less than 1 % (w/v) giving appropriate viscosity In view of ease of various operations or administration, particularly less 
than 0.02-1%. more preferably about 0.1-1% (w/v). 

[0071] Into the above-mentioned dispersing medium, it is possible to add a pH regulator, local anesthetic, antibiotic, 
dissolution aid, isotonization agent, adsorption i3reventing agent, glycosaminoglycan, polysaccharide, and the like in a 
per se known rhanner. The preferred additives are, for example, mannitol. sorbitol, sodium chloride, glycine, ammonium 

so acetate, or substantially pharmaceutically inactive water-soluble proteins injectable to the bfody. The glycosaminoglycan 
includes, for example, hyaluronic acid, chondroitin, chondroitih sulfiate A, chondroitin sulfate C, dermatan sulfate, 
heparin, heparan sulfate, keutan sulfate, and the tike. The polysaccharide includes acidic ones such as alginic acid. 
[0072] The above-mentioned water-soluble proteins include those that are soluble in water, physiological saline, or 
buffer solution, for example, human serum albumin, human serum globulin, collagen, gelatin, and the like. When a 

55 water-soluble protein is contained in a dispersing medium, the content of the protein is preferably in 0.05-50 mg per 
dosage, more preferably 0.5-20 mg. particularly 0.75-10 mg. 

[0073] The above-mentioned pH regulator includes, for example, glycine, ammonium acetate, citric acid, hydrochlo- 
ric acid, sodium hydroxide, and the like. The above-mentioned local anesthetic includes, for example, chlorobutanol, 
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lidocaine hydrochloride, and the like. The above-mentioned antibiotics include, for example, gentamicin. etc. The 
above-mentioned dissolution aids include, for example, glycerin, polyethylene glycol 400, and the like. The above-men- 
tioned isotonization agents include, for example, mannitol. sorbitol, sodium chloride, and the like. The above-mentioned 
adsorption preventing agents include, for example, polyoxyethylene sorbitan mono-oleate, etc. 

[0074] The pharmaceutical preparation may also contain phosphoric acid or its salts (for example, sodium phos- 
phate, potassium phosphate, etc.). When the preparation for injection contains phosphoric acid or its salts, the concen- 
tration of sodium phosphate or potassium phosphate is in about 0.1 nnM to 500 mM. preferably about 1 mM to 100 mM. 

Best Mode for Carrying out the Invention 

Examples 

[0075] The invention will be explained more in detail based on the following Reference Examples, Examples, and 
Test Example, but the invention is not restricted by these examples. 

Reference Example 1 

Preparation of 3-{4-Aminobenzyl)-2,4-dioxothiazolidine: 

20 [0076] To a solution of 4-nitrobenzyl bromide (8.00 g) and potassium carbonate (7.68 g) in N,N-dimethylformamide 
(DMF)(80 ml) was added 2,4-thiazolidinedione (6.51 g), and the mixture was stinted at room temperature for 14 hours. 
Insoluble matienal was filtered off, and the rnother liquor was evaporated under reduced pressure. The residue was dis- 
solved in ethyl acetate, and washed with diluted hydrochloric acid, water and saturated brine, successively. The solution 
was dried (MgS04) and evaporated under reduced pressure, arid the precipitated crystals were collected by filtration 

25 under suction to give 3-(4-nitrobenzyl)-2,4-dioxothiazblidine (8.45 g, 34%). 

[0077] In a mixture of ethandi (400 ml) and ethyl acetate (400 ml) was dissolved 3-(4-nltrobenzyl)-2,4-dioxothiazo- 
lidine (8.25 g), to which was added 5% palladium-carbon (2.00 g). and the mixture was stirred in hydrogen atmosphere 
at room temperature for 8 hours. Insoluble materjal was filtered off, the mother liquor was evaporated under reduced 
pressure, and the precipitated crystals were collected by filtration. Re-crystallization from isopropyl ether afforded the 

30 title compound (6.29 g, 87%), 

"•H-NMR (CDCI3) 5: 3.60-3.80 (2H, m), 3.90 (2H, s), 4.65 (2H, s), 6.61 (2H, d. J=8.4Hz), 7.22 (2H. d. J=8.4Hz). 
Reference Examples 2-8 



[0078] According to the same manner as in Reference Example 1, the compounds shown in the following Table 1 
were obtained. 



55 
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!Mble 1 




Ref. 

EX. 

No. 




yield 
1st step/ 
2nd .step 


'H NMR (6 ppB in CDCli)* 


2 


0 


78/94 


]. 91 (2H. quintet. /=6. 4Hz 
).2.64 (2H. t. /=6.4Hz), 
3. 55-3. 80 (2a br). 4.83 
(2a s), 6. 59(2adlike. 

o cu«N «T *><« /ni7 «ii sifa 

^— U. t/«lX»/, 1. \*U« Ul J ACT, 

/ =8. 5Hz). 


3 


X 


70 

(total 


2. 97 (3a s). 3. 82 (2a s), 
4. S3(2a s).- 6. 62(2a dt. 
1=8.2/ 1. 0 Hz). 7. 24 (2a 
dt. J=8. 2, 1.0 Hz). 


4 


0 


(totca 


4. 39 (2a s). 4. 86(2B. s), 
6. 51 (2a d. J '8. OHz). 
6. 9k (2a 4 J«a0Hz) 


5 




93/93 


2. 67 (4a s). 3. 67 (2a s). 
4.54(2a s). 6. 60(2a d. 
J=8. OHz). 7. 22 (2a i. J«8. 
OHz) 


6 


-Q 


69/16 


2. 67 (8a s) . 3. 41 (2a s). 
6. 64 (2a dt. J-8.4. 1.0 
Hz). 7. 07 (2a dt, 1=8.4. 
1.0 Hz). 


7 




70/34 


2.94(dt. M.2. 1.6 Hz). 
3. 09 (2a dt. J=6. 2. 1.6 
Hz). 3. 43 (2a s). 
4. 06 (2a s). 6. 66 (2a dt. 
J=8.4, 1.8 Hz). 7. 14 (2a 
dt. J=8.4. 1. 8 Hz). 


8 




60/69 


2, 20-2. 75 (8a ■). 
3. 40 (2a s). 6.45- 
6. 54 (2a d). 6.91- 
7. 00 (2a u). 



^'H IMR in Ited^zenoa ExBBfflB 3 Was maasucad with EMS>-d». 
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Reference Example 9 . 
. Preparation of 5-(4-Aminobenzyl)-2.4-oxazoIidinedione: 



5 [0079] to a solution of methyl 3-(4«aminophenyl)-2-hydroxy-propionate (4.50 g) and triethylamine (3.2 ml) In ace- 
tonitrile (50 ml) was added benzyloxycarbonyl chloride (5.9 ml) under ice cooling, and the mixture was stinted at room 
temperature for 30 minutes. The reaction mixture was poured into water and extracted with ethyl acetate, and the ethyl 
acetate layer was washed with an aqueous ammonium chloride solution, water, saturated sodium hydrogencarbonate 
aqueous solution, and saturated brine, successively, and dried (MgS04). Solvent was distilled off under reduced pres- 
to sure, and the residue was purified by silica gel chromatography to give methyl 3-(4-benzyloxycarbonylaminophenyl)-2- 
hydroxypropionate (5.61 g. 74%). To a solution of 3-(4-benzyloxycarbonylaminophenyl)-2-hydrdxypropionate (4.88 g) in 
tetrahydrofuran (THF)(120 ml) was added 2N potassium hydroxide aqueous solution (14 ml) under ice cooling, and the 
mixture was stirred at room temperature for 4 hours. The reaction mixture was acidified with cone, hydrochloric acid, 
extracted with ethyl acetate, and the ethyl acetate layer was washed with an aqueous arrimonium chloride solution, 
15 water and saturated brine, successively, and dried (MgS04). Solvent was distilled off under reduced pressure. The pre- 
cipitated crystals were washed with isopropyl ether to give 3-(4-benzyloxycarbohylaminpphenyl)-2-hydroxypropionic 
acid (4.20 g, 90%). To a solution of 3-(4-benzyloxycarbonyi-aminophenyl)-2-hydrpxypropionic acid (4.20 g) and triethyl- 
amine (8.3 ml) in THF (200 ml) was added ethyl chloroformate (4.3 ml) at -1 0°C, and the mixture was stin-ed at the same 
temperature for 1 hour. After addition of ammonia (28% water solution, 1 5 ml), the nriixture was further stirred at room 
20 temperature for 1 hour. The reaction mixture was poured into water and extracted with ethyl acetate, and the ethyl ace- 
tate layer was washed with an aqueous ammonium chloride solution, water and saturated brine, successively, and dried 
(MgS04). Solvent was distilled off to. give 3-(4-ben2ylqxycarbonylaminophenyl)-2-ethoxy-carbonyl-propanamide (5.1 1 
g, 97%). To a solution of 3-(4-benzyloxy-carbonylaminophenyl)-2-ethoxycarbonylpropanamide (4.56 g) in acetonitrile 
(200 ml) was added 1,8-diazabicyclo[5.4.0]-7-undecene (DBU)(3.8 ml), and the mixture was stinted at room tempera- 
25 ture for 12 hours. The reaction mixture was condensed under reduced pressure and dissolved in ethyl acetate. The 
ethyl acetate layer was washed vyith an aqueous ammonium chloride solution, water and saturated brine, successively, 
and dried (MgS04), and the solvent was distilled off under reduced pressure. The precipitated crystals were collected 
by filtration and washed with a mixture of Isopropyl ether/hexane to give 5-(4-benzyloxycarbonylaminophenyl)methyl- 
2,4-oxazolidinedione (3.66 g, 84%). To a solution of 5-(4-benzyloxycarbonyl-aminophenyl)methyl-2,4-oxazolidinedione 
30 (3.46 g) in ethanol (200 ml) was added 5% palladium-carbon (0.40 g), and the mixture was. stirred in hydrogen atmos- 
phere for 30 minuteis. Insoluble material was filtered off, the mother liquor was condensed under reduced pressure, and 
the precipitated crystals were collected by filtration and washed with a mixture of isopropyl ether / hexane to give the 
title compound (2.10 g, 100%). 

35 ^H-NMR (DMSO-dg) 8: 2.86 (1H, dd. J=15.0, 5.4H2), 3.00 (1H. dd. J=15.0, 4.4Hz). 5.12 (1H, dd, J=5.4. 4.4Hz), 

6.47 (2H. d. J= 8.4Hz). 6.83 (2H, d, J=8.4H2). 

Reference Exahriple 10 



40 Preparation of 2-(4-Aminobenzyl)-3,5-dioxo-1 .2,4-oxadiazolidine: 



[0080] To a mixture of N-hydroxy-4-nitrobenzylamine (3.03 g), acetic acid (9 ml) and water (18 ml) was dropwise 
added an aqueous solution (18 ml) of potassium cyianate (7.85 g),.and the mixture was stirred at room temperature 
overnight. The reaction mixture was condensed under reduced pressure and extracted with ethyl acetate. The extract 

45 was washed with water and saturated brine, dried (MgS04). and condensed to give N-hydroxy-N-(4-nitrobenzyl)urea 
(2.5 g. 66%). To a solution of N-hydroxy-N^(4-nitrobenzyl)urea (2.5 g) and ethyl chloroformate (1.93 g) in THF (50 ml) 
. and water (1 00 ml) was added 1 N sodium hydroxide aqueous solution (35 ml), and the mixture was refluxed under heat- 
ing overnight. The reaction mixture was poured Into ethyl acetate, and the organic layer was collected, washed with 
water and saturated brine, dried (MgS04). and condensed under reduced pressure. The precipitated crystals were col- 

50 lected by filtration and washed with isopropyl ether to give 2-(4-nitrobenzyl)-3.5-dioxo-1,2,4-oxadlazolldine. This was 
dissolved in ethanol (100 ml), to which was added 5% palladium-carbon (0.3 g), and the mixture was hydrogenated in 
hydrogen atmosphere to give the title compound (0.63 g, 17%)- 

. /"H-NMR (DMSO-dfi) 6: 3.34 (2H, s). 7.30 (2H. d, J=8.4Hz), 7.75 (2H, d, J=8.4Hz). 

55 , 
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Reference Example 11 

Preparation of 2-(4-Aminoben2yl)-1.1-dioxotetrahydro-2H-1-isothlazole: 

5 [0081] To a solution of 4-nltrobenzylamme hydrochloride (5.00 g) and triethylamlne (5.37 g) jn DMF (30 ml) was 
added 3-chloropropylsulfonyl chloride (4.69 g) under Ice cooling, and the mixture was stirred at room temperature for 8 
hours. The reaction mixture was then poured into water and extracted with ethyl acetate. The ethyl acetate layer was 
washed with water and saturated brine, dried (MgS04), and the solvent removed by distillation under reduced pressure, 
the residue was purified by silica gel column chromatography (ethyl acetate : hexane = 1 : 5) to give N-(3-chloropropyl- 

10 sulfonyi)^-nitrobenzyIamine (2.00 g. 26%). To a solution of N-(3-chloropropylsulfonyl)-4-nitrobenzylamine (2.00 g) in 
THF (40 ml) was added sodium hydride (0.30 g) under Ice cooling , and the mixture was stirred at room tehiperature for 
8 hours, then poured into diluted hydrochloric acid and extracted with ethyl acetate. The ethyl acetate layer was washed 
with water and saturated brine, dried (MgS04), and the solvent removed by distillation under reduced pressure. The 
residue was purified by silica gel column chrornatography (ethyl acetate : hexane = 1 : 1) to give 2-(4-nltroben2yl)-1,1- 

15 dioxotetrahydro-2H-1-isothiazole (0.27 g, 15%). To a solution of 2-(4-nitrobenzyl)-1,1-dioxotetrahydro-2H-1-isothiazole 
(0.27 g) in ethanol.(50 ml) was added 5% palladium-carbon (0.31 g), and the mixture vyas stirred in hydrogien atmos- 
phere for 1 .5 hours. Insoluble material was filtered off, and the mother liqucr was condensed to give the title compound 
(0.23 Ig, 95%). 

20 ^H-NMR (CDCI3) 5: 2.28 (2H. quintet, J=7.0. 2.0H2).3.08 (2H, t. J=7.0Hz), 3.19 (2H, dd, J=8.0, 7.0Hz), 3.71 (2H, 

brs). 4.06 (2H. s), 6.55 (2H, dt, J=8;2, 2.6H2). 7.13 (2H, dt, J=8.2. 2.6Hz). 

Reference Example 12 

25 Preparation of 6-Hydroxy-8-methoxy-5-oxo-1,2,4,5-tetrahydro-3-ben2othleplne-2-carbQxylic Acid: 

[0082] A solution of methyl 2-bronio-3-(3.5-dimethoxyphenyl)propionate (18.3 g), potassium carbonate (9.18 g) 
and mercaptoacetic acid (6.1 2 ml) |n DMF (100 ml) was stirred at room temperature for 14 hours. Insoluble material was 
filtered off, and the rnother liquor was condensed under reduced pressure. The resulting oily material was dissolved in 
30 ethyl acetate, washed with diluted aqueous hydrochloric acid and saturated brine, dried (MgS04), and then condensed 
to give 2-{[1-(3.5-dimethoxybenzyl)-2-methoxy-2-oxoethyI]sulfanyl}acetic acid (18.7 g, 99%) as a colorless oil. 
[0083] To a solution of 2-{[1-(3.5-dimethoxybenzyl)-2-methoxy-2-oxoethyl]su!fanyI}acetic acid (16.5 g) in tri-fluoro- 
acetic acid (50 ml) was added trifluoroacetic anhydride (50 ml), and the mixture was stirred at room temperature for 2 
days. The reaction mixture was condensed and then extracted with ethyl acetate, and the extract was washed with sat- 
is urated aqueous sodium hydrogencarbonate solution and saturated brine, and dried (MgS04). Solvent was distilled off 
and the resulting residue was applied to silica gel column chromatography. Elution with ethyl acetate/n-hexane (1 : 2, 
v/v) afforded methyl 6,8-dimethoxy-5-oxo-1 .2,4,5-tetrahydrb-3-benzbthiepine-2-carboxylate (9.5 g. 61%) as a brown oil. 
[0084] To a solution of methyl 6,8-dimethoxy-5-oxo-1,2,4.5-tetrahydro-3-benzothieplne-2-carboxylate (8.5 g) in di- 
chloromethane (200 ml) was added boron tribromlde (1 M-di-chloromethane solution, 28.7 ml) under cooling at -78°C, 
40 and the mixture was stirred for 30 minutes, then poured into wiater and extracted with chloroform. The extract was 
washed with an aqueous sodium hydrogencarbonate solution, aqueous ammonium chloride solution, and saturated 
brine, then dried (MgS04). and evaporated. The residue was purified by silica gel column chromatography (AcOEt/n- 
hexane .= v/v = 1/3) to give methyl 6-hydroxy-8-methoxy-5-oxo-1,2,4,5-tetrahydro-3-benzothiepine-2-carboxylate as 
colorless crystals (3.5 g. 43%). 

45 

'•H-NMR (CDCI3) 5: 3.18 (1H. dd, J=15.0. 5.2Hz). 3.32-3.54 (2H. m), 3.71 (1H. dd. J=11.8, 5.2Hz), 3.80 (3H, s). 
3.84 (3H, s), 4.07-4.17 (1H. m), 6.34 (1H, d. J=2.6Hz). 6.41 (1H. d. J=2.6Hz). 

[0085] A mixture of methyl 6-hydroxy-8-methoxy-5-oxo-1,2,4, 5-tetrahydro-3-benzothiepine-2-carboxylate (1.0 g), 
50 2N-potassium hydroxide aqueous solution (4 ml) and THF (30 ml) was stirred at 70*^0 for 2 hours, then acidified with 
diluted hydrochloric acid, and extracted with ethyl acetate. The extract was washed with an aqueous ammonium chlo- 
ride solution and saturated brine, dried (MgS04), and evaporated. The residual oily material, was crystallized from ethyl 
acetate and isopropyl ether to give the title compound (0.78 g, 82%) as dark brown crystals. 

55 '•H-NMR (CDCI3) 8: 3.24-3.52 (3H, m). 3.73 (1H, dd. J=10.4, 5.6Hz), 3.82 (3H. s), 4.11-4.20 (1H. m), 6.45 (1H, d, 

J=2.2Hz), 6^53 (1H, d. J=2.2Hz). 12.85 (1H; s). 
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Example 1 

Preparation of (2R,4S)-N-[4-(2.4-Dloxothlazolidin-5-yl-methyl)phenyl]- 1,2,4, 5-tetrahyd^^^^ 
5-oxo-3-ben2othieplne-2-carboxamide: 

5 

[0086] A solution of (2R.4S)-(-)-1 ,2.4.5-tetrahydro-7.8-methylenedioxy-4-methyl-5-oxo-3-benzothiepine-2-carboxy- 
lic acid (0.28 g). 5-(4-aminobenzyl)-2,4-dloxothiazolldln8 (0.233 g), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride (0.288 g) and 1-hydroxybenzotriazole (HbBt)(0.162 g) in N.N-dimethylformamide (DMF)(10 ml) was 
stirred at room temperature for 14 hours. The reaction mixture was diluted with chloroform (50 ml), washed with a sat- . 
10 urated sodium hydrogen carbonate aqueous solution, water, 1 N-hydrochloric acid, water, and saturated brine, succes- 
sively, then dried (MgS04), and the solvent was distilled off. The residue was purified by silica gel column 
chromatogriaphy, and the resulting colorless oil was treated with isopropyl ether to give colorless crystals, which were 
washed with ethyl acetate/isopropyl ether to give the title compound (0.47 g. 47%). mp. 139-144^*0. 

IS Example 2 

Preparation of (2R.4S)-N«[4-(Hydantoln-3-ylmethyl)pheMyl]-1 ,2,4,5-ietrahydro-7.8-methyienediqxyr4-methyi-5-oxo-3- 
benzothlepine-2-carboxamide: 

20 [0087] A solution of (2R,4Sj-(-)-1 ,2,4,5-tetrahydro-7,8-methyIenedioxy-4-methyl-5-oxo-3-benzothiepine-2-carboxy- 
lie acid (0.40 g), 3-(4-aminobenzyl)hydantoin (0.233 g), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride 
(0.288 g) and HOBt(0.1 62 ig) in DMF (10 m') was stired at room temperature for 14 hours. The reaction mixture was 
diluted with chloroform (50 ml), washed with a saturated sodium hydrogen carbonate aqueous solution, water, 1N- 
hydrochloric acid,. water, and saturated brine, successively, then dried (MgS04),.and the solvent was distilled off. The 

25 residue was purified by silica gel column chromatography, and the resulting colorless oil was treated with isopropyl 
ether to give colorless crystals, which were vt/ashed with ethyl, acetate/isopropyl ether to give the title compound (0.47 
g,47%). mp. 139-144'=*C. 

Example 3 

30 . 

Preparation of (2R,4S)-N-[4-(2.4-Dioxothlazoiidln-3-yl-methyl)phenyl]-1,2,4,5-tetrahydro-7,8-methylenedioxy 
5-oxo-3-benzothiepine-2-carboxamide: 

[0088] A solution of (2R,4S)-(-)-1 ,2,4,5-tetrahydro-7.8-methylenedioxy-4-methyl-5-oxo-3-benzothieplne-2-carboxy- 
35 lie acid (0.589 g), 3-(4-aminobenzyl)-2,4-dioxothiazolldine (0:470 g), 1-ethyl-3-(3-dlmethylaminopropyl)carbodiimlde 
hydrochloride (0.805 g) and HOBt(0.426 g) In DMF (30 ml) was stirred at room temperature for 14 hours, then poured 
into water (50 ml), and extracted with ethyl acetate; The ethyl acetate layer was washed W\\h 1 N-hydrochloric acid, . 
water, saturated sodium hydrogencarbonate aqueous solution, water, and saturated brine, successively, and dried 
(MgS04). The solvent was distilled off, and the residual crystals were collected by filtration and washed with hexane/iso- 
40 propyl ether to give the title compouhd (0.88 g, 86%). mp. 232-235''C. 

Example 4 

Preparation of (2R,4S)-N-[4-(4-Morphollnylmethyl)phenyl]-1 ,2,4,5-tetrahydro-7,8-methylenedioxy-4-methylr5-oxo-3- . 
45 benzothiepine-2-carboxamide: 

[0089] A isolution of {2R,4S)-(-)-1 .2,4,5-tetrahydro-7,8-methylenedioxy-4-methyl-5-oxo-3-benzothiepine-2-carboxy- 
lic acid (0.400 g), 4-(4-aminobenzyl)morpholine (0.290 g), 1-ethyl-3-(3-dimethylaminopropyl)carbodilmide hydrochlo- 
ride (0.550 g) and HOBt(0.290 g) in DMF (15 ml) was stirred at room temperature for 14 hours, then poured Into water 
50 (50 ml), and extracted with ethyl acetate. The ethyl acetate layer was washed with a saturated sodium hydrogencar- 
bonate aqueous solution, water, and saturated brine, successively, and dried (MgS04). The solvent was distilled off, 
and the residual crystals were collected by filtration and washed with hexane/isopropyl ether to give the title compouhd 
(0.55 g. 85%). mp. 172-1 74*'C. 

ss 
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Example 5 



Preparation of (2R,4S)-N-[4-(2,6-Dioxo-1 -piperidinylmethyl)phenyl]-1 ,2,4,5-tetrahydro-7,8-methylenedioxy-4-methyl-5- 
oxo-3-behzothiepine-2-carboxamide: 

[0090] A solution of (2R,4S)-(-)-1 ,2,4,5-tetrahydro-7,8-methylenedioxy-4-methyl-5-oxo-3-ben2othieplne-2-carboxy- 
lic acid (0.330 g), 1-(4-amlnobenzyI)glutarimide (0.300 g), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochlo- 
ride (0.52 g) and HOBt(0.240 g) in DMF (20 ml) was stirred at room temperature for 14 hours, then poured into water 
(50 ml), and extracted with ethyl acetate. The ethyl acetate layer was washed with lN-hydrochlorlc acid, water, satu- 
rated sodium hydrogencarbonate aqueous solution, water, and saturated brine, successively, and dried (MgS04). The 
solvent was distilled off, and the residual crystals were collected by filtration and washed with isopropyl ether to give the 
title compound (0.465 g, 82%). mp. 205-208''C. 



Preparation of (2R.4S)-N-[4-(1-Methylhydantbin-3-ylmethyl)-phenyl]-1.2,4.5-tetrahydro-7.8-methylenedioxy-4-methyl^ 
5-oxq-3-benzothleplne-2-carboxam!de: 

[0091] A solution of (2R,4S)-(-)-1 ,2.4,5-tetrahydrq-7.8-methylenedloxy-4-methyl-5-oxo-3-ben20thiepine-2-carboxy- 
lic acid (0.302 g), 3-(4-aminobenzyl)-1-methylhydantoin (0.213 gj, 1-ethyl-3-(3-dimethylamlnopropyl)carbodlimide 
hydrochloride (0.228 g) arid HOBt(0.160 g) in DMF (6 ml) was stin-ed at room temperature for 14 hours, then poured 
into water (50 ml); and extracted with ethyl acetate. The ethyl acetate layer was washed with IN-hydrochtoric acid, 
water, saturated sodiuni hydrogencarbonate aqueous solution, water, and saturiated brine, successively, and dried 
(MgS04). The solvent was distilled off, and the residual cryistals were collected by filtration and washed with isopropyl 
ether to give the title compound (0.42 g, 81 %). mp. 228-230°C. 



Preparation of (2R,4S)-N-[4-(2,4-Dioxo-oxazolidin-3-yl-methyl)phenyl]-1 ,2.4.5-tetrahydrd-7.8-methylenedipxy-4- 
methylT5-oxo-3-benzothiepine-2-carboxamide: 

[0092] A solution of (2R,4S)-(-)-1 ,2,4,5-tetrahydro-7,8-methylenedioxy-4-methyI-5-oxo-3-ben20thiepine^2-carboxy- 
llc acid (0.320 g), 1-(4-aminobenzyl)-2.4-dioxo-oxazolidine (0.215 g), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimlde 
hydrochloride (0.239 g) and HOBt(0.169 g) in DMF (20 ml) was stirred at room temperature for 14 hours, and then 
poured Into water (50 ml). The precipitated crystals were washed with water, saturated sodium hydrogencarbonate, 
water, cold ethanol and isopropyl ether, successively, to give the title compound (0.380 g, 78%). mp. 240-242'*C. 

Example 8 

Preparation of (2R,4S)-N-[4-(Succlnlmdomethyl)phenyl]-1,2.4,5-tetrahydro-7,8-niiethylenedioxy-^^ 
zothiepine-2-ciarboxamide: 

[0093] A solution of (2R.4S)-(-)-1 ,2,4,5-tetrahydro-7,8-methylenedioxy-4-methyl-5-oxo-3-behzothiepine-2-^ 
lie acid (0.70 g), 1-(4-aminobenzyl)succlnlmide (0.51 g), 1-ethyi-3-(3-dlmethylaminoproi3yl)carbodiimide hydrochloride 
(0.37 g) and HOBt(0.58 g) in DMF (20 ml) was stirred at room temperature for 14 hours, and then poured into water (50 
ml). The precipitated crystals were washed \A^ith water, saturated sodium hydrogencarbonate, water, cold ethanol and 
isopropyl ether, successively, and collected by filtration. Recrys-tallizatloh froni chlorofbrm/ethahol afforded the title 
compound (0.93 g, 80%). mp. 232-233**C. 



Preparation of (2R,4S)-N-[4-(2-Oxazolidpn-3-ylmethyl)phenyl]-1,2,4,5-tetrahydrp-7,8-methylenedioxy-4-methyl-5-ox^^ 
3-benzothiepine-2-carboxamide: 

[0094] A solution of (2R,4S)-(-)-i ,2,4,5-tetrahydro-7,8-methylenedioxy-4-methyI-5-oxo-3-benzothiepine-2-carboxy- 
lic acid (0.400 g), 3-(4-aminobenzyl)-2-oxazolldone (0.279 g), 1-ethyl-3-(3-dlmethylamindpropyl)carbodiimide hydro- 
chloride (0.307 g) .and HOBt(0.217 g) In DMF (6 ml) was stirred at room temperature for 14 hours, then poured into 
water (50 ml), and extracted with ethyl acetate. The ethyl acetate layer was washed with a saturated sodium hydrogen- 



Example 6 



Example 7 



Example 9 
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carbonate aqueous solution, water, and saturated brine, successively, and dried (l\/1gS04). The solvent was distilled off, 
and the residual crystals were collected by filtration and recrystaliized from tetrahydrofuran (THF)/ethyl acetate to give 
the title compound (0.25 g, 38%). mp. 231-233'='C. 



5 Example 10 

Preparation of (2R,4S)-N-[4-(2,4-Dioxo-oxa2olidin-5-yl-methyl)phenyl]-1 ,2,4.5-tetrahydro-7,8-methylenedioxy-4- 
methyl-5-oxo-3-benzothiepine-2-carboxamide: 

10 [0095] A solution of (2R,4S)-(-)-1 ,2,4.5-tetrahydro-7.8-methylenedioxy-4-methyl-5-oxo-3-benzothiepine-2-carboxy- 
lic acid (0.400 g), 5-(4-anriinoben2yl)-2,4-dioso-oxazolidine (0.300 g), 1-ethyl-3-(3-dimethylaminopropyl)carbodilmide 
hydrochloride (0.550 g) and HOBt(0,290 g) In DMF (20 ml) was stirred at room temperature for 14 hours, then poured 
into water (50 ml), and extracted with ethyl acetate. The ethyl acetate layer was washed with 1 N-hydrochloric acid, 
water, saturated sodium hydrogencarbonate aqueous solution, water, and saturated brine, successively, and dried 

IS (MgS04). The solvent was distilled off, and the residual crystals were collected by filtration and washed with isopropyl 
ether to give the title compound (0.636 g, .95%). mp. 1 64-1 66*^0. 

Example 11 

20 Preparation of (2R,4S)-N-[4-(3,5-Dioxo-1 ,2,4-oxadiazolidin-2-ylmethyl)phenyil-1 .2,4,5-tetrahydro-7,8-methylenedloxy- 
4-methyl-5-oxo-3-benzothiepine-2-carboxamide: 

[0096] A solution of (2R,4S)-(-)-1 ,2.4.5-tetrahydro-7,8-methylenedioxy-4-methyl-5-oxo-3-ben2othiepine-2- carbox- 
ylic acid (0.28 g). 2-(4-aminobenzyl)-3,5-dioxo-1 ,2,4-oxadi-azolidine (0.200 g), 1-ethyl-3-(3-dimethylanriinopropyl)-car- 
25 bodlimide hydrochloride (0.228 g) and HOBt(0.141 g) in DMF (6 ml) was stirred at room temperature for 16 hours, then 
poured into water (50 ml), and extracted with ethyl acetate. The ethyl acetate layer was washed with a saturated sodium 
hydrogen carbonate aqueous solution, water, and saturated brine, successively, and dried (MgS04). The solvent was 
distilled off. and the residual crystals were collected by filtration and recrystaliized from THF/ethyl acetate to give the 
title compound (0.26 g, 57%). mp. 237-239°C. 

Example 12 

Preparation of (2R.4S)-N-[4-(1 ,1-Dioxotetrahydro-2H-1-iso-thiazol-2-ylmethyl)phenyl]-1 ,2,4,5-tetrahydro-7,8-methyl- 
enedioxy-4-methyl-5-oxo-3-benzothiepine-2-carboxiamide: 

35 

[0097] A solution of (2R,4S)-(-)-1.2,4.5-tetrahydro-7,8-methy!enedioxy-4-methyl-5-oxo-3-benzothiepine-2-carboxy- 
lic acid (0.28 g), 2-(4-aminobenzyl)-1,1-dioxotetrahydro-2H-1-isothlazole (0.210 g). 1rethyl-3-(3-dimethylaminopropyl)- 
carbodiimide hydrochloride (01207 g) and HOBt(0.141 g) in DMF (10 ml) was stinred at room temperature for 14 hours, 
then poured into water (50. ml), and extracted with ethyl acetate. The ethyl acetate layer was washed with a saturated 
40 sodium hydrogen carbonate aqueous solution, water, and saturated brine, successively, and dried (MgS04). The sol- 
vent was distilled off, and the residual crystals were collected by filtration and recrystaliized from ethyl acetate/hexane 
tp give the title compound (0.29 g. 66%). nip. 215-217''C. 

Example 13 

45 . 

Preparation of (2 R,4S)-N-[4-(1 -Pyrrol idinylmethyl)phenyl]-1 ,2.4,5-tetrahydro-7,8-methylenedioxy-4-methyl-5-oxo-3- 
benzothiepine-2-carboxamide: 

[0098] A solution of (2R,4S)-(-)-1,2,4,5-tetrahydro-7,8-methylenedioxy^-methyl-5-oxo-3-ben2othiepine-2-carboxy- 
50 lie acid (0.28 g), 1-(4-aminobenzyl)pyrrolidine (0.194 g), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride 
(0.383 g) and HOBt(0.203 g) In DMF (10 ml) was stinred at room temperature for 14 hours, then poured into water (50. 
ml), and extracted with ethyl acetate. The ethyl acetate layer was washed with a saturated sodium hydrogencarbonate 
aqueous solution, water, and saturated brine, successively, and dried (MgS04). The sotyent was distilled off, and the 
residual crystals were collected by filtration and washed with isopropyl ether to give the title compound (0,29 g, 66%). 
55 mp, 186-1 88°C. 
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Example 14 



Preparation of (2R,4S)-N-[4-(1-Piperidinylnriethyl)phenyl]-1.2.4,5-tetrahydro-7,8-methy!enedio^ 
benzothiepine-2-carboxamide: 

5 

[0099] A solution of (2R,4S)-(-)-1 ,2.4,5-tetrahydro-7,8-methylenedioxy-4-methyl-5-oxo-3-benzothlepine-2-carboxy- 
lic acid (0.28 g), 1-(4-aminobenzyl)piperidine (0.190 g), 1-ethyl-3-(3-dimethylamlnop ropy! )carbodiim ids hydrochloride 
(0.383 g) and HOBt(0.203 g) in DMF (15 ml) was stirred at room temperature for 14 hours, then poured into water (50 
ml), and extracted with ethyl acetate. The ethyl acetate layer was washed with a saturated sodium hydrogencarbpnate 
10 aqueous solution, water, and saturated brine, successively, and dried (MgS04). The solvent was distilled off, and the 
residual crystals were collected by filtration and washed with isopropyl ether to give the title compound (0.38 g, 83%). 
mp. 162-1 65°C. 

Example 15 

15 

Preparation of (2R,4S)-N-Methyl-N-[4-(4-morphoIinylmethyl)-phenyl]-1, 2,4, 5-tetrahydro-7.8-methylenedioxy-^^ 
5-oxo-3-benzothiepine-2-carboxamide: . 

[0100] To a solution of (2R.4S)-(-)-1,2,4.5-tetrahydro-7,8-methylenedioxy-4-methyl-5-oxo-3-benzothiepine-2-car- 
20 boxylic acid (0.281 g) and bl\4F (3 drops) in tetrahydrofuran (THF)(10 ml) was added oxalyl chloride (0.1 3 ml) under ice 
cooling, and the mixture was stirred for 1 hours, and then condensed under under reduced pressure. The residue was 
dissolved in THF (10 ml), to which was added 4-(4-methyiamlnobenzyl)morpholine (0.203 g) and triethylamlne (0.28 
ml), and the mixture was stirred at room temperature for 3 hours, then poured into water, arid extracted with ethyl ace- 
tate. The ethyl acetate layer was washed with a saturated sodium hydrogencarbonate aqueous solution, water, and sat- 
25 urated brine, successively, and dried (MgS04). The solvent was distilled off, and the residue was applied to silica gel 
column chromatography and eluted with chloroform/ethyl acetate/methanol (10:10:1, vA//v) to give the title compound 
(0.42 g, 89%). mp. 162-1 65*'C. 

Example 16 

30 

Preparation of (2R.4S)-N-[4-(1 .3-Thlazolidin-3-ylmethyl)-phenyl]-1 .2,4.5-tetrahydro-7,8-methylenedloxyr4-methyl-5- 

oxo-3-benzothlepine-2-carboxamide: 

[0101] A solution of (2R,4S)-(-)-1 .2,4.5-tetrahydro-7,8-methylenedioxy-4-methyl-5-oxo-3-benzothiepine-2-carboxy- 
35 lie acid (0.433 g), 1-(4-aminobenzyl)thiazolidine (0.295 g), 1-ethyl-3-(3-dimethylamlnopropyI)carbodlimlde hydrochlo- 
ride (0.305 g) and HOBt(0.21 g) In DMF (6 ml) was stirred at room temperature for 24 hours, then poured into water (50 
ml), and extracted with ethyl acetate. The ethyl acetate layer was washed with a saturated sodium hydrogencarbonate 
aqueous solution, water, and saturated brine, successively, and dried (MgS04). The solvent was distilled off, and the 
residual crystals were collected by filtration and recrystallized from tetrahydrofuran/isopropyl ether to give the title com- 
40 pound (0.41 g, 59%). mp. 179-li31°C. 

Example 17 

Preparation of (2R,4S)-N-[4-(4-Thiomorpholinylmethyl)phenyl]-1,2,4,5-tetrahydro-7,8-methylenedibxy-y4-m 

45 3-benzothiepine-2-carboxamide: 

[0102] A solution of (2R.4S)-(-)-1 ,2,4,5-tetrahydro-7,8-methylenedioxy-4-methyI-5-oxo-3-benzothiepine-2-carboxy- 
lic acid (0.405 g), 1-(4-aminobenzyl)thiomorpholine (0.313 g), 1-ethyl-3-(3-diniethylaminopropyl)carbodiimide hydro- 
chloride (0.307 g) and HOBt(0.21 g) in DMF (12 ml) was stirred at room temperature for 16 hours, then poured into 
50 water (50 ml), and extracted with ethyl acetate. The ethyl acetate layer \yas washed with a saturated sodium hydrogen- 
carbonate aqueous solution, water, and saturated brine, successively, and dried (MgS04). The solvent was distilled off, 
and the residual crystals were collected by filtration and recrystallized from ethyl acetate/isopropyl ether to give the title 
compound (0.44 g, 65%). mp. 2b4-206°C. 

55 
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Example 18 

Preparation of (2R,4S)-N-[4-(4-Oxo-1 -piperldinylmethyl)-phenyl]-1 .2,4,5-tetrahydro-7,8-methylenedioxy-4-methyl-5- 
oxo-3-benzothiepine-2-carboxamide: 

[0103] A solution of (2R,4S)-(-)-1,2,4,5-tetrahydro-7,8-methylenedioxy-4-methyl-5-oxo-3-benzothleplne-2- carbox- 
ylic acid (0.433 g), 1-(4-aminobenzyl)-4-oxopiperidine (0.39 g), 1-ethyl-3-(3-dimethylamjnopropyl)carbodilmide hydro- 
chloride (0.37 g) and HOBt(b.26 g) In DMF (10 ml) was stirred at room temperature for 14 hours, then poured into water 
(50 ml), and extracted with ethyl acetate. The ethyl acetate layer was washed with a saturated sodium hydrogencar- 
bonate aqueous solution, water, and saturated brine, successively, and dried (MgS04). The solvent was distilled off, 
and the residual crystals were collected by filtration and recrystallized from ethyl acetate/hexane to giye the title com- 
pound (0.19 g, 23%). mp. 199-20rC. 

[0104] The structural formulae of the compounds obtained in the above. Examples 1-18 are shown in the following 
Table 2. 
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Example 19 

Preparation of N-[4-[(2.4-Dioxo-1 ,3-thiazolidin-5-yl)methyl]phenyl]-6-hydroxy^ 
bbnzothiepine-2-carfooxamide: 

s 

[0105] To a solution of 6-hydroxy-8-methoxy-5-oxo-1 ,2.4.5-tetrahydro-3-benzothiepme-2-carboxyllc acid (0.134 g). 
5-(4-amlnoben2y!)-2.4-dioxo-1,3-thia2olidine (0.12 g). and 1-ethyI-3-(3-dimethylaminopropyl)carbodlimide hydrochlo- 
ride (0.192 g) in DMF (5 ml) was added l-hydroxybenzotriazolej (HOBt) (0.10 g); and the mixture was stjn-ed at room 
temperature for 14 hours, then poured into water, and extracted with a mixture of ethyl acetate and THF. The extract 
10 was washed with a sodium hydrbgencarbonate aqueous solution, aqueous ammonium chloride solution, and saturated 
brine, dried (MgSb4). and evaporated to give the objective compound (0.16 g, 69%). mp. 131-134°C.. 

Example 20 ' 

15 [0106] The compound (10 mg) prepared in Example 1. lactose (90 mg), fine crystalline cellulose (70 mg) and mag- 
nesium stearate (5 mg) are mixed and forrnulated into granules. Magnesium stearate (5 mg) Is added thereto, and the 
whole is included In a gelatin capsule. 

Example 21. 

20 

[0107] The compound (10 mg) prepared in Example 4, lactose (35 mg), corn starch (150 mg). fine crystalline cel- 
lulose (20 mg) and magnesium stearate (2.5 mg) are mixed and formulated Into granules. Fine crystalline cellulose (10 
mg) and magnesium stearate (2.5 mg) are added to the granules, mixed and formulated into a tablet under pressure. 

25 Example 22 

[0108] The compound (10 mg) prepared In Example 10, inositol (100 mg) and benzyl alcohol (20 mg) are dissolved 
in distilled water for injection so that the whole volume. becomes 2 ml, and placed in an ampoule. All operations are car- 
ried out uhder a sterilized condition. 
30 ' • ' . 

Example 23 

[0109] The compound (10 mg) prepared in Example 11. lactose (35 mg), corn starch (150 mg). fine crystalline cel- 
lulose (20 mg) and nriagnesium stearate (2.5 mg) are mixed and formulated into granules. Fine crystalline cellulose (10 
35 mg) and magnesium stearate (2.5 mg) are added to the granules, mixed and formulated into a tablet under pressure. 

Test Example 1 

Osteogenesis promoting effect: 

40 

[0110] Using the Interstitial cells prepared from the femur bone marrow of a normal rat, an alkaline phosphatase 
activity was measured as an index of osteogenesis. Briefly, according to the method of Maniatopoulos et al. [Cell Tissue 
Research, volume 254, P.317 (1988)]. the interstitial cells were prepared from the femur bone of a Sprague-Dawley 
male rat. 7 weeks of age, and cultured in an a-MEM (minimum essential medium) solution containing dexamethasone 

45 (lO'^M) and p-glycerophosphoric acid (10"^M) in order to generate calcified bony tissue. One week later, the confluent 
primary cells were treated with 0.25% trypsin-O.2% EDTA solution, recovered, and subcultured on a culture plate at a 
cell density of 1.6 X 10"^ cells/cm^, (culture day 0). From the 2nd day of the culture, a test compound (10"^ M) was 
added to the above culture solution, and cultured for additional 5 days. The cells were washed with a phosphate buffer, 
and after addition of 0.2% Nonidet P-40, they were homogenized and centrifuged at 3,000 rpm for 10 minutes. The 

so supernatant was measured for an alkaline phosphatase activity according to the method of Lowry et al. [Journal of Bio- 
logical Chemistry, volume 207, R19 (1954)]. Table 3 shows the measured values in terms of mean ± standard error 
(SE). Statistical analysis was performed by means of the Student's t-test 
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Table 3 



Compound 


Concentration (M) 


Alkaline phosphatase 
activity (A405) 


Example no. 1 
Example no. 4 
Example no. 10 
Example no. 11 
Control 


10"^ 
10-^ 

10*5 

No addition 


0.489 ± 0.050** 
0.394 ± 0.036** 
0.535 ± 0.069** 
0.399 ±0.069** ; 
0.150 ±0.009 


Mean ± S.E. (n=4), 



: p< 0.01 vs control (Student's t-test) 



[01 1 1] From Table 3, it is found that the test compounds have an excellent osteogenesis pi'omoting effect. 
20 Industrial Applicabilify 

[0112] The compounds of the invention and salts thereof have a potent osteogenesis promoting effect, chondro- 
genesis pronrioting effect, cartilage destruction suppressing effect, and cartilage cell differentiation induction promoting 
effect, and are superior In clinically useful characteristics such as stability, absorption (particularly, oral absorption), bio- 
is availability, and the like. They, accordingly, can be used in prevention and treatment of pone diseases or chondropathy, 
for example, osteoporosis, fracture, cartilage defect, chronic rtieumatoid arthritis involving a cartilage, and osteoarthritis 
involving a cartilage. 
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Claims 



1 . A compound of the formula: 



35 



40 




wherein the ring A is an optionally substituted benzene ring; R** is ah optionally substituted non-aromatic heterocy- 
clic group; and R^ are independently hydrogen atom or an optionally substituted hydrocarbon group; n is an inte- 
45 ger of 0 - 3; or a salt thereof. 

2. A compound according to claim 1 , wherein the ring A is a benzene ring which may be substituted by 1 or 2 substit- 
uents selected from the group consisting of halogen atom, hydroxy, C^-^q alkyl, Ci.iq alkoxy, alkylenedioxy of the 
formula: -0-(CH2)m-0- (wherein m is an integer of 1 - 4) and C^.io alkylthio; and R^ and R^ are independently 

so hydrogen atom, C^^g a'M or phenyl. 

3. A compound according to claim 1 , wherein the ring A is a group of the formula: 



55 
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5 




wherein and are independently hydrogen atom or C^. io a'kyi or R^ and R^ may be bound to each other to 
70 form a alkylene chain; and R^ and R^ are independently hydrogen atom or C^.e alkyl. 

4. A compound according to claim 1, wherein the non-aromatic heterocyclic group of the optionally substituted non- 
aromatic heterocyclic group represented by R^ is a 5- to 6-membered non-arorhatic heterocyclic group containing 
from 1 to 4 heteroatoms selected from the group consisting of nitrogen atom, sulfur atom and oxygen atom. 

15 

5. A compound according to claim 4, wherein the 5- to 6-rnembered non-arbmatic heterocyclic group is one contain- 
ing at least 1 nitrogen atom. 

6. A compound according to claim 5. wherein the heterocycle of the 5- to 6-membered non-aromatic heterocyclic 
20, group is pyrrolidine, imidazolidine, thiazolidine, isothiazblidine, oxazQlidine, oxadlazolidine, piperidine. piperazine, 

thiomorpholine or morpholine. 

7. A compound according to claim 1, wherein the substituentor substituents in the optionally substituted non-aromatic 
heterocyclic group represented by R"* are 1 to 3 substituents selected from the group consisting of halogen atom. 

25 hydroxy or oxo, C^.^q a'M- C^^ alkoxy, Ci.6 acyl, anriino, mono- or dl-CiLe alkylamino, Ci.e iaikylsulfonyl, carboxy 
and Ci.6 alkoxy-carbonyl. 

8. A compound according to claim 3. wherein R^ is a hydrogen atom; R^ Is C1.3 ailkyi; and R^ and R^ may be bound 
to each other to form a Ci.2 alkylene chain. 

30 

9. A compound according to claim 3, wherein R^ and R^ are Independently a hydrogen atom, and R^ and R® are inde- 
pendently a alkyl group. 

1 0. N-[4-(4-Morpholinylmethyi)phenyl]-1 ,2,4,5-tetrahydro-7.8-methylenedloxy-4-methyl-5-oxo-3-benzothiepine-2-car- 
35 boxamide, 

N-[4-(2,4-dioxothiazolidln-5-ylmethyl)-phenyl]-1,2.4,5-tetrahydro-7.8-methylenedioxy-4-methyl-5-oxo-3-benzo- 
thiepine-2-carboxamlde, or 

N-[4-(2.4-dioxo-oxazolidin-5-ylmethyl)phenyl]-1 .2,4,5-tetrahydro-7,8-methylenedioxy-4-methyl-5-oxo-3-benzo- 
40 thiepine-2-carboxamide, or a salt thereof. 

11. An optically active compound of the formula: 




wherein the ring A is an optionally substituted benzene ring; R^ is an optionally substituted non-aromatic heterocy- 
55 die group;. R^ is a hydrogen atom or an optionally substituted hydrocarbon group; R^| is an optionally substituted 
hydrocarbon group; and n Is an integer of 0 - 3; or ia salt thereof. 

12. A process for producing a compound of the formula: 
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20 




ON-4 ^(CH2)„-R' 



wherein the ring A is an optionally substituted benzene ring; R** is an optionally substituted non-arpmatic heterocy- 
clic group; and R^ iare independently a hydrogen atom or an optionally substituted hydrocarbon group; and n is 
an integer of 0 - 3; or a salt thereof, which comprises reacting a compound of the formula: 



COOB 




25 



wherein each symbol has the same meanings as nientioned above; or a reactive derivative at the carbdxy group 
thereof or a salt thereof, with a compound of the formula: 



30 



35 



wherein each symbol has the same meanings as mentioned above; or a reactive derivative at the amino group 
thereof or a salt thereof. 

13. A compound of the formula: 



40 




wherein R'''' is pfyrrolidinyl, dioxopyrrolidinyl, piperidinyl, mono- or di-oxopiperidlnyt, morpholinyl, thiomorpholinyl, 
thiazolidinyl, dioxothiazolidinyl. dicxoimidazolidinyl, 1-methyldioxoimidazolldinyl, dioxo-oxazolidinyl, dioxotetra- 
45 hydroisothiazolidinyl. momo- or dl-oxo-oxazolidinyl, or dioxo-oxadiazolidinyl; or a salt thereof. 

14. A prodrug or a salt thereof of the compound according to claim 1 . 

15. A pharmaceutical composition which comprises a compound of the formula: 

50 
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10 

wherein the ring A is an optionally substituted benzene ring; Is an optionally substituted non-aromatic heterocy- 
clic group; and R^ are independently hydrogen atom or an optionally substituted hydrocarbon group; and n Is 
an integer of 0 - 3; or a salt thereof 

15 16. A pharmaceutical composition according to claim 15. which Is an osteogenesis promoting agent. 

17. A pharmaceutical composition according to claim 15, which is a prophylactic or therapeutic agent for bone dis- 
eases. 

20 18. A pharmaceutical composition according to claim 1 5, which is a prophylactic or therapeutic agent for fracture. 
1 9. A pharmaceutical composition according to claim 1 5, which is a prophylactic or therapeutic agent for chondropathy. 

25 
30 
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